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INTRODUCTION 
In the light of our present knowledge of protein nutrition, the term 
"protein requirements" is becoming less and less defined. Living organ­
isms do not require protein as such. They have a definite need for 
nitrogen and also for certain organic compounds which they cannot 
synthesize fast enough to meet their living requirements. Therefore, the 
actual requirements which are satisfied by the ingestion of protein are 
those of nitrogen and these organic compounds, both of them provided by 
the amino acids of the proteins. 
The early observations of Willcock and Hopkins (1906) and Osborne 
and Mendel (1915), that certain amino acids are necessary in the diet to 
obtain satisfactory growth, and that proteins differed in their content 
of these "essential" amino acids gave basis to the theory that the 
determining factor of the nutritive value of a protein is its amino acid 
composition. 
Since the various proteins contain different quantities of the amino 
acids required by living organisms, protein requirements can only be ex­
pressed in terms of a given protein or protein mixture, and not in terms 
of proteins in general. Methods for comparing the biological value of 
the different proteins have become, therefore, of great practical im­
portance. 
The concept of the biological evaluation of different proteins has 
been studied by Block and Mitchell (1946), who, without the knowledge of 
the actual amino acid requirements, compared the diverse food proteins 
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with other proteins known to induce optimum growth, such as whole egg 
proteins, which were termed "well balanced" proteins. 
Later on Almquist (1954) studied in more, detail the importance of 
amino acid balance, the essence of this principle being that the more 
closely the amino acids in the protein resembled the amino acid re­
quirements of the animal, the greater the efficiency obtained. The • 
so-called "well balanced" proteins would accordingly provide the closest 
approach to the animal's requirements, while proteins deviating from 
this ideal type would be "unbalanced". 
More than one type of variation, however, is encountered in the 
evaluation of different proteins. In some instances, certain proteins 
fail to maintain an optimum rate of body gain and nitrogen retention, in 
spite of the fact that their amino acid composition, determined either 
chemically or microbiologically, had classified them a priori as well 
balanced proteins. 
It did not take very long for nutritionists to realize that chemical 
composition of the proteins in itself was an inadequate critérium to 
predict a protein's ability to support growth or maintain a positive 
nitrogen balance. The biological evaluation of.proteins on the other 
hand, besides being too time consuming, does not provide any conclusive 
information as to why any one particular protein fails to support growth. 
Three main features were soon characterized, which more correctly 
determined the nutritive value of a protein: 1) "the "essential" amino 
acid content of the protein (Willcock and Hopkins, 1906), 2) the biologi­
cal availability of these amino acids (Melnick et al., 1946) and 3) the 
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simultaneous appearance in the blood of each amino acid in adequate con­
centrations for protein synthesis (Cannon et al., 1957). 
Proteins are known to vary considerably in their content of es­
sential amino acids (Almquist, 1954), which, furthermore, have been shown 
to have different degrees of availability in the various proteins 
(Melnick _et _al., 1946; Evans and Butts, 1949; Kuiken, 1952). Both 
availability and digestion studies in vitro have shown that amino acids 
are liberated from the proteins at different rates, characteristic of the 
particular amino acids or of their linkage to the protein (Geiger et al., 
1952) and that not all amino acids are incorporated into the blood stream 
at the same rate of absorption (Chase and Lewis, 1934). 
It is therefore of the utmost importance for the nutritionist to 
have a protein evaluation methodology that will take into consideration 
all the factors known to be involved in protein digestion and utili­
zation. 
Blood amino acid levels were found long ago to be affected by the 
ingestion of a meal (Howell, 1906). Later reports have more clearly 
defined the relationships between the presence of amino acids in the 
blood plasma and the ingestion of amino acids, either free (Bang, 1916; 
Johnston and Lewis, 1928; Hier, 1947) or as components of proteins (Dent 
and Schilling, 1949; Denton and Elvehjem, 1954a). 
It is only logical to assume that blood plasma free amino acids 
should reflect the availability of the amino acids present in the diet, 
using the term "availability" to include all possible factors affecting 
the passage of amino acids from the food proteins into the blood stream. 
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Blood plasma free amino acids have been shown to be in fairly good 
agreement with the order of abundance in the diet (Almquist, 1954), a 
surplus or deficiency in the diet being reflected to an exaggerated 
degree in the blood. This is the basis of a recent proposal that amino 
acids in the blood plasma be used as a sensitive index to protein 
quality (Almquist, 1954) and amino acid requirements (Jarowski, 1961). 
The work to be presented herein was undertaken in an attempt to 
study the interrelationships between blood plasma free amino acids of 
young swine and the amino acid composition of the dietary proteins, 
with the expectation that this type of study would provide an estimation 
of the value of assessing the quality of these protein sources by means 
of the blood plasma free amino acid data. 
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REVIEW OF LITERATURE 
Blood Plasma Free Amino Acids 
Almost a century had elapsed since the discovery of the first amino 
acid, leucine, when Van Slyke and Meyer (1912) brought forward evidence 
of the presence of amino acid nitrogen in the non-protein fraction of 
blood plasma. 
These same researchers went on to prove that the amino acids re­
leased by digestion from the dietary proteins passed the intestinal wall 
and were incorporated into the blood stream, where they circulated until 
removed by the tissues and used for protein synthesis. Several hypothe­
ses had prevailed up to that time as to the means by which the organism 
transported the proteins present in the food to the tissues. In the 
early part of this century, it was believed that food proteins were 
broken down to amino acids in the intestinal tract, resynthesized into 
blood proteins in the intestinal wall and as such transported in the 
blood and brought to the tissues, where they had to be again hydrolyzed 
to amino acids before being utilized for protein synthesis. 
In spite of the preponderance of evidence which appeared supporting 
the theory that food proteins were completely hydrolyzed to the constitu­
ent amino acids prior to absorption, absorbed as such and transported in 
the blood in the free form, the hypothesis about the partial degradation 
of proteins to peptides, which were then absorbed as such, continued to 
be supported by some workers. Murlin et al. (1937) were able to demon­
strate hypoglycemia when insulin was placed in a Thiry-Vella loop of the 
small intestine of both normal and pancreatectomized dogs. Since the 
characteristic hypoglycemic effect of insulin depends upon its molecular • 
integrity, these results indicated that insulin could pass the mucosal 
barrier as an intact protein. 
While Dent and Schilling (1949) attempted unsuccessfully to demon­
strate a rise in the peptide content of portal blood after feeding 
casein, beef muscle and human serum albumin to dogs, other reports 
(Gruskay and Cooke, 1955) indicated that infants can normally absorb 
small amounts of unchanged egg albumin and that, during recovery from 
diarrhea, the absorption may be increased five-fold and become an im­
portant factor in sensitizing the infant to egg albumin. 
Further evidence in favor of the absorption of intact proteins, 
under certain conditions, is found in the study of acquired passive 
immunity in young animals, through the ingestion of colostrum milk with 
its rich supply of antibodies (Bruner _et al., 1949; Speer _et _al., 1959). 
The absorption of orally ingested antibodies by the adult man and other 
species is claimed by some workers (Petersen and Campbell, 1955; Sarwar 
et al., 1958) and denied by others (Stone et al., 1957). These con­
clusive evidences demonstrated that, under special conditions, the 
intestinal mucosa may absorb protein molecules unchanged. 
For the physiologically mature animal, however, the original problem 
of protein absorption into the blood stream can be stated in more precise 
terms, such as: 1) what is the form in which protein enters the mucosal 
cells from the intestinal lumen, and 2) what is the form in which it 
enters the blood stream from the mucosal cells? 
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Parshin and Rubel (1951) reported evidence that very small amounts 
of peptides, if any, are actually absorbed through the intestinal wall 
and carried as such in the blood stream. This finding has been confirmed 
more recently by Newey and Smyth (1959), who found that only free amino 
acids are found in the serosal side of the intestine after introducing 
peptides in the intestinal lumen, both in _in vivo and_in vitro absorption 
techniques. 
It has also been stated (Fisher, 1954) that the time required to 
produce amino acids from the proteins by the normal process of digestion 
is too great to allow complete breakdown of proteins in time for ab­
sorption. Both controversial lines of thought have been fused together 
in the suggestion that peptides may well enter the mucosal cells and be 
hydrolyzed intracelullarly into amino acids which would then be released 
into the blood stream. Supporting this hypothesis, Fisher (1954) states 
that 
"Much evidence shows that labelled amino acids introduced 
into the body by any route make their appearance in the prote­
ins of the intestinal wall, particularly the mucosa, more 
promptly than in any other major tissue of the body. These 
labelled constituents also disappear from intestinal protein 
with unusual celerity. 
Thus during absorption the amount of intestinal mucosal 
protein is increasing. In the post-absorptive state it is 
diminishing, and it seems reasonable to suppose that the 
products of catabolism of intestinal protein, which may in­
deed consist entirely of amino acids but are more likely to be 
made up in large part by specific peptides, constitute a large 
part of what is added to the tissues fluids during protein ab­
sorption. Naturally where a food protein deviates largely 
from the pattern of amino acids required to synthesize in­
testinal protein, residues are bound to be left over from the 
process of protein synthesis and these may well appear in the 
tissue fluids as free amino acids. The finding by Dent and 
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Schilling (1949) that there was little or no rise in the 
plasma amino acid concentration during absorption of homolo­
gous serum albumin is.quite consonant with this view." 
Very shortly after Van Slyke and Meyer (1912) reported the presence 
of free amino acids in the blood plasma, numerous reports appeared in 
the literature individually identifying these amino acids. 
Abderhalden (1913) reported the isolation of arginine, lysine, 
histidine, proline, leucine, valine, aspartic acid, glutamic acid, 
alanine, glycine and tryptophan in the blood of ruminants. The first 
attempts to estimate the concentration of cystine in blood were made by 
Harding and Gary (1926) with little success due to interference from 
glutathione. The presence of tryptophan, first reported by Abderhalden 
(1913) was confirmed by Gary and Meigs (1928) and Dunn £t al. (1945) in 
cow's blood and plasma. These latter workers found that the apparent free 
tryptophan of serum is about 10 per cent higher than that of plasma (1.21 
and 1.14 mg. per 100 ml. respectively), apparently due to the fact that 
this amino acid is set free from blood proteins by some unknown reaction, 
which occurs when blood coagulates. 
In this respect it should be mentioned that L-tryptophan has been 
recently found, among other amino acids, to be selectively bound by a 
non-dialyzable plasma component, identified as serum albumin, a phenome­
non which is highly specific for L-tryptophan and not for the D-isomer 
(McNenamy and Oncley, 1958). 
Hamilton (1945) reported the presence of glutamine in human and dog 
plasma and proved it to be identical with a previously unknown and un­
stable amino acid, which upon standing was known to easily liberate 
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ammonia (Hamilton, 1942). Archibald (1944) demonstrated the presence of 
citrulline as a normal component of blood plasma and discarded the sug­
gested possibility that this amino acid might arise from plasma proteins 
"or other constituents of the plasma as a result of the action of prote­
olytic enzymes in the urease preparations used. Its occurrence in blood 
plasma has been recently confirmed by Stein and Moore (1954). 
Hier and Bergeim (1945) reported the presence of leucine, isoleucine, 
threonine and valine in the blood plasma of the dog but failed to detect 
any free glutamic acid, which Abderhalden (1913) had isolated from 
ruminant blood. Their results indicated that dog plasma contains less 
than 0.6 mg. of glutamic acid per 100 ml. of plasma, this being the 
limit of sensitivity of their microbiological technique, so that the 
actual value may be considerably lower. . The apparent absence of glutamic 
acid in the blood plasma of the dog has been confirmed for the man by 
Stein and Moore (1954) who reported aspartic acid being equally low in 
human blood plasma. 
The almost complete absence of both dicarboxylic amino acids in the 
blood plasma of the man and the dog is noteworthy. These two amino acids 
are normally absent from freshly voided urine (Stein, 1953) but are 
found in relatively high concentration in the extracts of most tissues' 
(Tallan _et jil., 1954) . Thus, it is predominantly the amides of these 
amino acids that are brought to the tissues by the blood stream, in both 
man and dog. This apparent absence of glutamic acid and aspartic acid 
in the blood plasma may have a bearing on the nausea and vomiting 
frequently observed to accompany the intravenous administration of 
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protein hydrolysates, from which aspartic acid and glutamic acid have 
not been removed, or by the intravenous injection of glutamic acid as 
reported by Unna and Howe (1945) and Madden _et _al. (1945). in the dog. 
On the other hand, Friedhandler and Quastel (1955) have demon­
strated with _in vitro experiments and isolated guinea pig intestine that 
the absorption of asparagine results in its conversion to aspartate and 
ammonia, which appear in the serosal solution, with no asparagine as 
such being detectable in the solution. Apparently L-asparagine under­
goes some "active" process of absorption in the guinea pig in contrast to 
DL-aspartic acid which shows none. 
The presence of aspartic acid as well as glutamic acid in the blood 
of the guinea pig (Jarowski, 1961), rat (Jarowski, 1961), goat (Tizuka 
and Yonemura, 1957), pig (Ritchey and Richardson, 1959), chicken 
(Jarowski, 1961) and turkey (Tonkinson et al., 1961), in contrast to the 
reported absence in the man and dog, indicates the apparent existence of 
very definite species differences, in regard to blood plasma free amino 
acids. 
The presence of taurine and alpha-amino-n-butyric acid as normal 
constituents of blood plasma, was revealed by Dent (1947 and 1948). 
Stein and Moore (1954) have recently demonstrated the presence of 
ornithine in human blood plasma. These same authors failed to detect 
hydroxyproline in human blood plasma, indicating that its concentration 
must be less than 0.2 mg. per 100 ml. of plasma, this being the limit of 
sensitivity of the chromatographic technique used. 
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That amino acids circulating in the blood stream are rapidly re­
moved by the tissues was already indicated by Van Slyke and Meyer (1913) 
who further proved that intravenously administered amino acids were 
removed from the circulation as well as those produced by protein di­
gestion and that when the diet was the source of the amino acids 
entering the blood stream the liver assumes particular importance in 
their disposal. King and Rapport (1933) demonstrated that when tyrosine 
was administered intravenously, it disappeared from the blood stream 
five minutes after the injection, without producing any appreciable in­
crease in the blood urea level which indicated that the disappearance of 
tyrosine is not accomplished through deamination. A further check of 
the urine indicated that no more than five per cent of the injected 
tyrosine appeared in the urine as such or as phenol derivatives. 
Friedberg and Greenberg (1947) confirmed experimentally that intra­
venously administered amino acids are rapidly removed from the blood 
plasma but that the rate of removal is not the same for all amino acids. 
They also found that injected amino acids were concentrated at different 
rates by the various tissues examined, the highest concentration appear­
ing in the liver and kidney, less so in the skeletal muscle and not at 
all in the brain. These reported values, however, were of a relative 
and not absolute nature, which might change the sequence of systems or 
organs with priority in the uptake of amino acids from the blood stream. 
When G^-^-labeled glycine, histidine, leucine and lysine were ad­
ministered intravenously to mice, nearly all of the injected amino acids 
(97 per cent) had disappeared from the blood in less than 10 minutes. 
Within the next 30 minutes approximately 50 per cent of the injected 
amino acids had been, incorporated into the visceral proteins, the in­
corporation was maximum at about 60 minutes and the labeled amino acids 
began to appear in plasma proteins. Two hours after the injection they 
had reached an equilibrium between visceral and plasma proteins (Borsook 
et al., 1950). These results were confirmed by the same workers in 
guinea pigs and rabbits. 
Several investigators (Christensen, 1949; Dent and Schilling, 1949 
and Denton and Elvehjem, 1954b) found higher levels of amino acids in the 
blood plasma of the portal vein than in the blood carried by the systemic 
circulation of dogs, after the administration of a protein meal. The 
results of Onen _et _al. (1956) indicate that free amino acids are removed 
from the plasma by the liver of humans, even in the fasting state. 
These workers found that the plasma concentrations of leucine, iso-
leucine, valine, alanine, cysteic acid, methionine, glycine and glutamine 
were lower in the hepatic vein than in the respective artery. Since the 
concentration of free amino acids in the plasma is maintained at a 
fairly constant level, except after a high protein meal, it was con­
cluded that there has to be a net contribution of amino acids to the 
plasma from tissues other than the liver, in spite of previous reports 
by Denton and Elvehjem (1954a), who found a constant decrease in the 
concentration of blood plasma free amino acids after a non-protein meal 
and concluded that no amino acids were released from the tissues back 
into the blood stream. 
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Regardless of some contradictory evidence, it appears that the 
tissues must contribute to the maintenance of the dynamic equilibrium 
found in the concentration of free amino acids in blood plasma. That 
tissues will release amino acids into the blood has been demonstrated in 
the chick under certain conditions, such as fasting (Charkey et al., 
1954). In view of the very fast removal of labeled amino acids (Borsook 
_et _al., 1950) from the blood stream by the tissues, without any signifi­
cant change occurring in the concentration of blood plasma amino 
acids, it must be concluded that the tissues necessarily contribute 
amino acids into the blood stream in order to maintain that equilibrium. 
The original observation of Van Slyke and Meyer (1913) that amino 
acids were removed from the blood stream very rapidly, has thus been re­
peatedly confirmed (Friedberg and Greenberg, 1947; Borsook_et _al., 1950; 
Onen et _al., 1956). Further reports on the problem (King and Rapport, 
1933; Steele and Le Bovit, 1951) indicated that the fast removal of amino 
acids from the blood is not due to abnormally high excretion rates through 
the urine. It was therefore concluded that the amino acids are apparently 
concentrated at various rates in the different tissues of the organism. 
This capacity of the tissue cells to remove amino acids from the 
blood stream, however, should be expected to have a limit, especially 
when facing a constantly high blood level. That the capacity of the 
body cells to absorb amino acids from the blood can be saturated was 
demonstrated by Christensen et al. (1948), who fed large doses of pro­
line, histidine, glycine and methionine to guinea pigs and compared the 
concentration of these amino acids in the blood plasma and different 
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tissues. 
When these amino acids were administered in large doses, an increased 
level was observed both in the blood plasma and in the tissues examined, 
liver, kidney and muscle. The simultaneous administration of a large 
dose of benzoate, which resulted in a maximum rate of hippuric acid 
synthesis, was followed by a decrease in the free glycine content of the 
liver cells and only secondarily affecting that of the plasma. The 
distribution ratios between the liver and blood plasma concentrations 
decreased, reflecting a much greater decrease for the liver than for the 
blood levels. These results also indicated a predominance of the liver 
over the kidney in the synthesis of hippuric acid, since the glycine 
distribution ratio for kidney and plasma was only slightly changed. 
On the other hand, glycine feeding decreased the glycine distri­
bution ratios, due to increased post-feeding concentration of glycine in 
the blood plasma. Similarly, when the concentration of other amino acids 
in the plasma increased, the distribution ratios for these amino acids 
were reduced. This should be expected only if the capacity of the cells 
for concentrating each amino acid is limited. Whenever large elevations 
of plasma glycine were produced, the distribution ratios of other amino 
acids were also reduced, and similarly, when the other amino acids were 
increased in the plasma, the ratio for glycine decreased. 
• These results indicate that tissue cells try to maintain a de­
termined blood amino acid level, through depletion of their own reserves, 
when facing a dietary deficiency. Only when these are gone will the 
blood plasma concentration show a greatly reduced level. On the other 
15 
hand, the presence of any one amino acid in excessive amounts will soon 
result in saturation of the tissue calls, with a subsequent increase in 
blood plasma levels as well as in the rate of. disposal of these, excessive 
amino acids. 
The feeding of asymmetrical mixtures of amino acids or unbalanced 
proteins should therefore be expected to occur simultaneously with an 
increased amino acid excretion through the urine, as has been shown by 
Sauberlich et al. (1948), who found the urinary excretion of amino acids 
in rats fed proteins of high biological value to be much lower than in 
the case of rats fed proteins of inferior quality. 
The different amino acids seem to exhibit competitive inhibition 
among themselves, for the means by which tissue cells concentrate amino 
acids (Christensen et al., 1948), indicating that these means do not 
operate independently for each amino acid. Protein synthesis obviously 
requires the presence, at some definite concentration, of every amino 
acid (essential or non-essential) which must be built into the protein 
molecule. As a corollary it may be inferred that when a strongly 
asymmetric accumulation of amino acids is produced by feeding or in­
jection, the ability of the cells to retain these amino acids will be 
not only handicapped by the shortage of any essential amino acid, but 
also by the presence of excessive amounts of any one amino acid, with 
the result that one may expect an inhibitory effect upon growth or 
nitrogen retention, as well as an increase in the blood plasma concen­
tration of most amino acids, except those which are setting a limit to 
protein synthesis. 
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That the amino acid limiting protein synthesis is usually reflected 
as an abnormally low blood plasma level has been very recently demon­
strated by Hill et al. (1961), who added zein to an already lysine 
deficient diet for the chick, obtaining a further decrease in the lysine 
content of the blood, along with a decrease in the levels of arginine, 
glycine, histidine and tryptophan as well as an increase in those of 
isoleucine, leucine, threonine - and valine. 
The increased reduction in the level of blood lysine, brought about 
by the addition of zein to chick diets, confirms the already known fact 
of lysine being the most limiting amino acid in such a diet. This con­
clusion is well supported by the further decrease in the levels of 
tryptophan and arginine, which appeared to be the second and third most 
limiting amino acids, when that diet was supplemented with lysine, thus 
taking care of the first limiting amino acid and resulting in a further 
decrease of next limiting ones. 
Also, a reduction in the concentration of tryptophan in the blood 
plasma was found when 15 per cent gelatin was added to the low protein 
diet, instead of zein, thus producing a diet with tryptophan as the 
first limiting amino acid. 
Most amino acids have been found to increase in their blood plasma 
concentration when administered in the free form or as a supplement to 
deficient proteins (Gutman and Alexander, 1947; Hier, 1947). When 
glutamic acid was fed to dogs in large doses, however, it did not only 
fail to result in an increased blood plasma level, except for a very 
short preliminary rise, but it produced a net decrease in the levels of 
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glycine and residual amino acid nitrogen (Christensen _et jil., 1948), 
confirming the already reported failure of glutamic acid absorption to 
increase noticeably the amino acid nitrogen of peripheral blood, while 
increases occurred, however, in the portal blood (Seth and Luck, 1925) 
indicating an effective absorption. 
The explanation was advanced (Christensen _et al., 1948), that the 
appearance of glutamic acid in the blood results in an increased uptake 
of amino acids by the tissues, since all the amino acids that decreased 
in the blood plasma were found to increase in the tissue cells along 
with equally increased distribution ratios while glutamic acid was being 
absorbed. It was therefore concluded that glutamate is somewhat in­
volved in the system by which the cells concentrate the amino acids 
presented to them in the extracellular fluid. 
At this point it is noteworthy to recall that glutamic acid has 
been reported to improve growth rate in the rat by Rechcigl _et al. (1957) 
and Hepburn jet_al. (1960). The omission of glutamic acid from an other­
wise complete amino acid mixture, in both essential and non-essential 
amino acids, resulted in a greatly reduced growth rate, while omission 
of other non-essential amino acids had no such effect. Progressively 
greater weight gains were obtained when glutamic acid in the diet was 
increased, with maximum growth rate being obtained with a level of 5.66 
per cent glutamic acid in the total diet. 
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Portal versus Systemic Blood Plasma Free Amino Acids 
Although dietary proteins are certainly the source of body proteins, 
the biochemical pathways by which the amino acids are transferred from 
the ingested protein to the tissues are still incompletely known. In 
particular there is considerable doubt as to the particular processes by 
which protein is absorbed from the intestine into the portal blood and 
the effect of the liver in altering the products of protein digestion on 
their way to the.tissues. 
Further evidence about the role played by the liver in changing 
both quantitatively and qualitatively the amino acids present in the 
blood of the portal vein is to be obtained when the concentration of 
amino acids, in the portal vein is compared with that found in the 
systemic blood. 
Even before amino acids were found to be present in blood plasma in 
a free form, Howell (1906) reported that the concentration of amino acids 
in the portal vein was greater than that in the jugular vein of the dog 
after ingestion of a meal. Since then, conflicting results have appeared 
in the literature regarding the similarity of ratio of one amino acid to 
another in both the portal and systemic blood plasma, if not in their 
quantitative differences. 
Seth and Luck (1925) were among the first to present evidence of the 
difference encountered between portal and peripheral blood plasma free 
amino acid concentration. They fed different amino acids to dogs, which 
had been previously fasted for 48 hours, and their comparative results 
showed that at any one time the free amino acid concentration of portal 
blood was higher than the corresponding arterial values. The total free 
amino acid nitrogen content of the femoral vein was also found to be 
lower than that of the corresponding arterial sample which pointed to a 
rapid absorption of the amino acids from the blood by the tissues. 
Dent and Schilling (1949) reported that the blood of the portal 
vein of dogs subjected to a test meal has a definitely higher concen­
tration of amino acids than the systemic blood obtained from the 
jugular, although no significant differences in the ratios of one amino 
acid to another were found. These results have been supported by 
Christensen (1949) who observed that the total and free amino nitrogen 
of the blood was appreciably higher in the portal vein of dogs than in 
the systemic blood at both one and two and a half hours after the ad­
ministration of a test meal but that the differences decreased and had 
practically disappeared by the fifth hour, when presumably the ab­
sorption from the gut was at an end. 
Denton et _al. (1953) working with cannulated dogs, noted an appreci­
able difference both quantitatively and in the amino acid ratios between 
the portal and radial blood plasma free amino acids which was interpreted 
as being due to amino acid removal from the blood by the tissues as well 
as to a dilution effect. 
Further reports by Denton and Elvehjem (1954b) showed that the blood 
plasma free amino acid concentration of the dog after a test meal of 
beef and zein was higher in the portal than in the radial vein, during 
the postabsorptive hours, although the ratios of one to another did not 
change appreciably. Both portal and radial values were practically 
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alike at zero time. The peak of absorption for most amino acids occurred 
at approximately two to three hours after ingestion of the beef, while 
in the case of the zein-fed dogs, portal values decreased after the test 
meal and did not experience the expected rise in concentration until 
four hours later. 
It is interesting to note at this point that these same authors 
(Denton and Elvehjem, 1953) had previously reported that the rate and 
extent of liberation of amino acids from beef, casein and zein _in vitro 
were approximately the same, with beef being hydrolyzed slightly more 
rapidly than the other two proteins, which indicates that jLn vitro 
digestion studies cannot be efficiently utilized for the estimation of 
amino acid availability to the animal. 
Dietary and Blood Plasma Free Amino Acid Interrelationships 
The change in viewpoint that followed the discovery that proteins 
were hydrolyzed to amino acids in the intestinal tract, absorbed through 
the intestinal wall and transported in the blood as such, made necessary 
an intensive study of the behavior of the individual amino acids, if a 
true picture of protein nutrition and metabolism was to.be obtained. 
Already in 1916 Bang had"established a correlation between the 
disappearance of amino acids from the digestive tract and the increase 
in blood plasma free amino acid nitrogen which followed after the in­
gestion of these amino acids. Seth and Luck (1925) confirmed Bang's 
report and went on to prove that the response of blood plasma amino acid 
nitrogen in the rabbit and dog to amino acid ingestion was not the same 
when different amino acids were introduced in the digestive tract. They 
demonstrated that the amino nitrogen content of the blood after the 
administration of glycine, alanine and histidine not only attained a very 
high maximum very rapidly but persisted at a high level for as long as 
six hours after the ingestion. In the case of leucine, tryptophan, glu­
tamic acid, aspartic acid and cystine, this level, without ever rising 
very high came down to normal or subnormal values within three hours. 
The results obtained by Seth and Luck (1925) with glycine and 
alanine have been confirmed by Johnston and Lewis (1928), who found in­
creased blood amino nitrogen in the rabbit following the ingestion of 
glycine, alanine and glutamic acid but no change following aspartic acid, 
arginine and lysine feeding. The discrepancy found in the response to 
glutamic acid can probably be explained by the different experimental 
conditions in each case, considering the reported highly active role of 
this amino acid in the utilization of other amino acids by the tissues 
(Christensen et _al., 1948). 
Shambaugh _et jtl. (1931) fed tyrosine and phenylalanine to rabbits 
but found no rise in the amino acid nitrogen of the blood at any period. 
These results were confirmed for tyrosine by King and Rapport (1933) who 
injected tyrosine intravenously and found that 95 to 98 per cent disap­
peared within the first five minutes. 
Glycine feeding has been found to be followed by a rise in the 
glycine concentration of blood plasma, with a simultaneous small increase 
in the level of alanine, both of which declined and returned to their 
previous level rather slowly (Gutman and Alexander, 1947). 
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Most other amino acids were soon subjected to study, in order to 
find out the changes that followed their administration. Leucine, iso-
leucine, threonine and valine were found to rise rapidly in the systemic 
blood plasma following ingestion, reaching a maximum value in about 60 
minutes. The remaining free amino acids in the blood plasma were found 
to vary in their response to the sudden appearance of a large dose of 
any one amino acid. The increase in blood leucine was accompanied by a 
decrease in the level of the other amino acids, except for cystine, 
histidine, lysine and tryptophan (Hier, 1947). In the case of isoleucine 
the plasma level of arginine fell slightly while that of phenylalanine, 
tyrosine and valine fell significantly, with the remaining amino acids 
showing no marked change.• High levels of threonine and valine, on the 
other hand, do not appear to affect the level of any other amino acid in 
the plasma. This is also the case for arginine, in spite of a plasma 
level of about 17 times its normal value and for histidine which rose to 
about 100 times and for tryptophan in spite of an increase of 10 times 
its original value. 
When methionine was administered, its blood plasma level rose quite 
markedly and remained high, even after 24 hours, a characteristic which 
was found not to be common to any other amino acid. This high level of 
methionine occurred simultaneously with a decreased blood plasma level 
for isoleucine, phenylalanine, tyrosine and valine. Despite the high 
level of methionine, no appreciable changes were observed in the concen­
tration of cystine, in spite of the known sparing effect of methionine 
on cystine. This is not surprising, however, when it is noted that the 
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ingestion of a large dose of cystine does not cause the plasma level of 
cystine to rise. Presumably the organism can rapidly remove the cystine 
from the plasma either by excretion, conversion or storage. Methionine, 
on the other hand, appears to be difficult to metabolize, since plasma 
methionine levels remain high for a much longer period of time following 
methionine ingestion than with any other amino acid. 
It is noteworthy in this connection that Edwards et al. (1960), after 
feeding DL-methionine-2-C^ to rats, found that the total activity in the 
tissues was approximately the same at four and 24 hours ; and, as was to 
be expected, practically no methionine was excreted through the urine. 
On the other hand, the administration of phenylalanine is followed 
by a rise in its blood level, which occurs simultaneously with an 
increase in the concentration of tyrosine, no other amino acid being 
affected (Hier, 1947). When tyrosine is the amino acid administered, 
the tyrosine level of the blood rises but not that of phenylalanine or 
any other amino acid, which indicates the rapidity with which this well 
known conversion occurs. 
In all cases in which amino acids brought about a decrease in the 
concentration of other amino acids in the blood following their in­
gestion, urine analysis performed concomitantly showed no increased 
excretion of any amino acid, except in the case of leucine, indicating 
that increased loss in the urine does not appear to be the explanation 
for the drop in the plasma amino acid levels of these other amino acids. 
Steele and Le Bovit (1951) administered purified amino acids, one 
at a time and together to humans in a fasting state. After the ingestion 
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of a large dose of leucine or histidine the-plasma concentration of the 
administered amino acids reached very high levels, with peaks at 30 
minutes. However, when intact proteins were administered to humans 
(Frame, 1958), the concentration of most amino acids in the blood plasma 
did not reach a maximum concentration until two to six hours after, the 
test meal was ingested. 
These results suggest that the effect of the administration of any 
one amino acid on its blood plasma level may be quite different depending 
on whether the amino acid is given in the free form or fed as a part of a 
protein molecule. Reports by Gupta et al. (1958) on the other hand 
indicate that total nitrogen disappeared from the gastrointestinal tract 
of rats at nearly the same time whether the diet contained casein, beef 
or a mixture of amino acids. 
Levels of plasma amino acids in the portal vein after feeding 
different protein meals have been studied in dogs (Dent and Schilling, 
1949), rats (Denton and Elvehjem, 1954b; Wheeler and Morgan, 1958) and 
chickens (Charkey et al., 1953). The results of such studies have not 
always been in perfect agreement with each other. Most workers seem to 
agree that the concentration of blood plasma free amino acids, after 
feeding different proteins, corresponds roughly to the amino acid compo­
sition of the protein fed. However, the lack of a consistent correlation 
has been repeatedly postulated (Richardson et al., 1953b; Frame, 1958; 
Longenecker and Hause, 1959). 
This lack of correlation between blood plasma and dietary amino 
acids can only be explained on the basis of availability or adulteration 
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of the dietary amino acids at the level of the gastrointestinal tract, a 
hypothesis which is supported by some authors (Nasset, 1957; Twombly and 
Meyer, 1961). . 
Comparing the amino acid composition of two different diets for the 
dog, egg albumin and zein, Nasset (1957) found that the total nitrogen 
recovered from the various parts of the small intestine remained constant 
regardless of the type of dietary protein in the meal. Inspection of the 
results of amino acid analysis of gastrointestinal contents revealed that 
although the qualitative differences between the amino acid composition 
of the two proteins is still evident in the gastric contents, the dis­
tinguishing features have been lost in the jejunum and without an 
indicator it would be very difficult to identify the test meal associated 
with each protein. What is perhaps more astonishing is the fact that a 
protein-free test meal resulted in a jejunal amino acid mixture that 
could scarcely be distinguished from those derived from protein-
containing meals. 
Nasset and coworkers have arrived at the conclusion that the in­
gestion of a meal, whether or not it contains any protein, results in the 
transfer of appreciable quantities of nitrogenous material into the lumen 
of the small intestine, derived from the mixture of enzymes, digestive 
juices and desquamations from the intestinal mucosa, all of them mostly 
of protein nature, which act as a homeostatic device that, within certain 
limits, provides the blood with a mixture of amino acids normally subject 
to a minimum of qualitative variation. 
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More data supporting^ such theory have been very recently reported 
by Twombly and Meyer (1961) who, by means of chromic oxide as an indi­
cator, found endogenous nitrogen secretions to increase with the level of 
protein in the diet and by Nasset and Soon Su (1961) who recovered the 
nitrogen attributable to labeled casein from the jejunum of dogs and 
found it to be diluted more than four-fold with endogenous nitrogen. 
Similar studies in the rat showed exogenous nitrogen to be diluted up to 
seven-fold with endogenous nitrogen in the gut, while the molar ratios 
of free amino acids were markedly different from those found in the in­
gested casein. 
Almquist (1954), on the other hand, has summarized existing litera­
ture on blood plasma amino acids of the chicken in relation to the amino 
acid composition of the diet, and concluded that in the chick there is a 
very high degree of correlation between the free amino acid content of 
the blood and the amino acids in the dietary protein. Using the blood 
amino .acid data of chicks reported by Charkey et al. (1950, 1953), 
Almquist (1954) brought further evidence of the close relationship be­
tween diet composition and levels of free amino acids in the blood, as 
can be seen in Table 1. 
It is interesting to observe how an amino acid in the diet in 
amounts substantially above requirements will show an even greater ac­
cumulation or surplus in the blood. As can be observed in Table 1, 
arginine appears in the soybean protein diet in close agreement with 
requirements, while in the peanut meal diet there is 47 per cent more 
arginine, which.results in a corresponding blood arginine level 75 per 
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cent higher. 
Table 1. Relationship of dietary and plasma amino acid concentrations 
Amino acid 
Soybean 
protein 
Peanut 
protein 
Soybean 
protein 
Peanut 
protein 
Requirements 
in % dietary 
protein 
(mg./100 ml. plasma) (% dietary protein) 
Arginine 7.69 13.45 6.03 8.87 6.00 
Histidine 2.18 2.04 2.33 2.20 1.50 
Lysine 7.13 5.04 6.05 4.17 4.50 
Methionine 0.99 0.99 2.59 1.87 2.50 
Cystine - - 0.35 1.29 2.00 
Tryptophan 1.50 1.46 1.24 1.25 1.00 
The same holds true for lysine, one diet having 28 per cent more 
lysine than the other and the corresponding blood having 42 per cent 
more lysine. Both histidine and tryptophan are equivalent in both diets 
and similar levels are observed in the blood samples. Finally, in the 
case of a deficiency in the diet, the blood content of that particular 
amino acid may be expected to drop to a comparatively low level. 
Almquist (1954) showed that when the dietary supply is closely 
comparable to known requirements, there is little tendency for a relative 
accumulation of the amino acids in the blood. On the other hand, a 
surplus or a deficiency of an amino acid in the diet is reflected in an 
exaggerated degree in the blood. 
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Working with the dog, Longenecker and Hause (1959) failed to find a 
consistent correlation between the relative changes in the plasma amino 
acid concentrations with the amino acid composition of the ingested diet. 
In spite of the lack of perfect agreement between plasma and dietary 
amino acids, they concluded that there exists, however, a direct re­
lationship between the post-prandial plasma amino acid pattern and the 
amino acid composition of the protein ingested. 
When a dietary lysine deficiency, caused by feeding wheat gluten 
and occurring with a simultaneous decrease in blood plasma lysine, was 
corrected by free lysine supplementation of the wheat gluten, the plasma 
lysine pattern after the meal was similar to the pattern of the other 
non-limiting amino acids. Very similar results obtained with the feed­
ing of gelatin with and without tryptophan supplementation (Longenecker 
and Hause, 1959) led to the conclusion that when a free amino acid is 
mixed with a protein, the absorption rate of the free amino acid into the 
blood is similar to that of the amino acids liberated by digestion from 
the protein. 
These results allow the conclusion that free amino acid supple­
mentation of a protein is a practical method to overcome a deficiency, 
since the deficit of this amino acid in the blood is corrected at the 
time when the plasma levels of other essential amino acids reach their 
maximum concentration. This conclusion, however, is not unanimously 
accepted, and a different rate of absorption for free and protein-bound 
amino acids seems to have the favor of some researchers (Steele and Le 
Bovit, 1951). 
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Guggenheim jït al. (1960) have recently investigated the effect of 
different dietary proteins on blood plasma methionine and lysine, and 
found that the peak absorption level as well as the duration of their 
rise did not correlate too closely with their concentration in the 
proteins. Blood plasma levels apparently reflect the amino acid content 
of the protein sources as well as the availability and absorption rate. 
Feeding gluten or zein to rats did not produce a blood plasma lysine 
level significantly greater than that found in the fasted or starch-fed 
controls. A small increase in the blood level of methionine (1.2 versus 
0.9 mg.) was found after the ingestion of zein and a large one (1.5 versus 
0.9 mg.) after gluten, when compared to the fasted or starch-fed con­
trols (0.8 and 0.9 mg. per 100 ml. respectively). Administration of 
casein and lactalbumin led to a much larger and longer lasting rise of 
lysine (16.2 and 13.6 versus 6.1 mg. respectively), with the methionine 
concentration after feeding lactalbumin being higher than in the controls 
(1.4 versus 0.9 mg.) but much lower than after feeding casein (2.6 mg.). 
Soya protein induced a considerable increase in lysine (11.0 versus 6.1 
mg.) and a small increase in methionine (1.5 versus 0.9 mg.). 
A noteworthy point in this work is that the peak level in the plasma 
amino acids was always reached not later than 30 minutes after the test 
meal. This is in agreement with the results reported by Steele and Le 
Bovit (1951) in humans, after which time the curve gradually fell, until 
they generally approached the control level after 180 minutes. 
As is well known, proper heat treatment increases the nutritive 
value of soya protein by improving the availability of some amino acids, 
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such as methionine, whereas overheating lowers it by affecting the 
availability of lysine (Osborne and Mendel, 1917). The effects of heat 
treatment of soya protein on blood plasma amino acids has been studied 
by Guggenheim _et _al. (1960) . Blood plasma levels for lysine and 
methionine with the unheated meal were found to be rather similar to 
those obtained following ingestion of isolated soya protein. Heat-
processing the soybean protein resulted in a considerably increased level 
for both amino acids in the portal blood, whereas the concentration of 
lysine after feeding the overheated meal was considerably lower. The 
mean increases of lysine after feeding the unheated, heat-processed 
(toasted) and overheated meals were 3.6, 4.5 and 2.2 mg. per 100 ml., 
with the corresponding figures for methionine being 0.4, 0.6 and 0.3 mg. 
per 100 ml., respectively. These figures clearly reflect the difference 
in biological availability of these two amino acids in the three types 
of soybean meal studied. 
Similar results have been reported with fresh and autoclaved pork 
when fed to rats (Wheeler and Morgan, 1958). The feeding of the auto­
claved pork led to much smaller increases in the blood plasma amino acids 
than raw pork, probably resulting from the partial failure of the di­
gestive enzymes to hydrolyze the overheated proteins so as to make them 
available to the animal. 
Natural insufficiency of digestive enzymes is apparently quite 
frequently responsible for the poor amino acid availability obtained 
with certain protein sources. Lewis _et _al. (1955) reported evidence 
indicating that the young pig below five weeks of age does not have a 
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fully developed digestive enzyme system and cannot, therefore, utilize 
plant proteins to a maximum extent. Later reports by the same workers 
(Lewis et al., 1957) indicated that the pig at birth is very deficient 
in pepsin, which increases subsequently with age. 
Geiger and Hagerty (1949) reported that an enzymatic digest of zein, 
even when brought approximately to the composition of casein by the 
addition of essential amino acids does not promote growth satisfactorily 
in rats. A similarly supplemented acid hydrolysate of the same material, 
however, supported growth well. These workers assumed that acid 
hydrolysis liberates from zein some amino acids which cannot be released 
from certain peptides by either intestinal digestion or in.vitro enzy­
matic cleavage. 
The difference between both enzymatic and acid zein hydrolysates 
was confirmed by Kliger and Krehl (1950), who concluded that a delayed 
enzymatic release of some essential amino acids was responsible for the 
lack of growth. Kliger and Krehl (1952) also reported that simultaneous 
addition of threonine, arginine and valine resulted in good, though not 
maximum growth. 
The presence of enzyme-resistant peptide linkages in zein has been 
demonstrated in vitro by Geiger et al. (1952). The absence of proline 
from the chromatograms of the enzymatic digest becomes significant. It 
had been previously demonstrated by Fischer and Abderhalden (1902) that 
some peptide linkages involving proline are very resistant to tryptic 
digestion. It seems therefore logical to assume that some essential 
amino acids, which were not released by peptic and tryptic cleavage, were 
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present in the form of proline peptides. 
One of the enzymes involved in the hydrolysis of proline peptides, 
"prolidase", has been detected in the intestinal wall but is missing 
from pancreatic preparations. In some peptides, threonine and a con­
siderable portion of valine seem to be attached to proline in such a 
form which cannot be cleaved by the enzymes present in the rat intestine. 
Gray _et _al. (1960) reported a lowering of systemic blood lysine of 
chicks when fed a diet deficient in lysine, while the concentration of 
threonine and tyrosine increased, as compared to the birds fed the 
lysine-supplemented diet, while other amino acids showed much smaller 
differences. A similar amino acid pattern was observed when the birds 
were fed the lysine-supplemented diet for 25 days and then the lysine 
deficient diet for the last three days before blood samples were taken. 
It is evident therefore that blood plasma amino acids will reflect any 
changes .in the composition of the diet quite rapidly, within a few days 
or even hours. When the procedure was reversed, however, that is 
changing the birds from the lysine deficient diet to the supplemented 
one during the last three days, it appeared to result in only a partial 
restoration of the lysine, threonine and tyrosine levels to normal values 
at the end of the three day period. 
Tonkinson _et al. (1961) fed soybean meal diets supplemented with 
increasing lysine levels to turkey poults and determined blood plasma 
amino acids from two to eight weeks of age on each one of the five 
different lysine levels. As was to be expected, an increase in blood 
plasma lysine followed every increase in the dietary lysine. However, 
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histidine and isoleucine also increased in the plasma as the dietary 
lysine level was increased. The general trend for the concentrations of . 
arginine, aspartic acid, glycine, methionine and serine was to decrease 
in the plasma when the dietary lysine level was increased, while glutamic 
acid, phenylalanine and tyrosine were apparently unaffected by the level 
of dietary lysine. 
The effects of increasing the protein in the diet on blood plasma 
free amino acids has been studied in swine and chickens by Ritchey and 
Richardson (1959). Increasing the protein level in the diet of growing 
pigs from 0 to 15 to 30 per cent, resulted in an increased concentration 
for all amino acids except lysine. 
When going from the non-protein diet to a 15 per cent-protein, diet, 
a very marked increase was obtained in the concentration of glutamic 
acid, isoleucine and tyrosine, while the increase experienced by aspartic 
acid, threonine, serine, methionine, leucine, ornithine and arginine was 
practically negligible and the concentration of lysine, very unexpected­
ly, was decreased. On the other hand, when the protein level was raised 
to 30 per cent of the diet, the concentration of most amino acids in­
creased considerably in the blood plasma, reflecting the surplus of 
amino acids provided by the excessive protein in the diet. 
Very little has been reported concerning the possible effect of sex 
on the level of free amino acids in blood plasma. Hier and Bergeim (1946) 
have studied the free amino acids of deproteinized human plasma and 
found no significant difference existing between mean values for males 
and females. On the other hand, Charkey et al. (1953) found that 
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cockerels differed from the pullets in their blood lysine and histidine 
concentration, which was found to be higher in the males than in the 
females. 
Rather few and variable also are the reports which have appeared 
concerning the relationships between age and blood plasma amino acids. 
Tonkinson _et _al. (1961) have reported the existence in turkey poults of 
a slight age effect for some amino acids, although most of them were 
found to be unaffected by age. The concentration of blood plasma 
lysine, histidine, isoleucine, serine, threonine and tryptophan was 
slightly higher at eight weeks than at two weeks of age, while all other 
amino acids were apparently unchanged as the animals grew older, with 
the exception of arginine which showed a higher concentration at two 
weeks than at eight weeks of age. 
Charkey _et _al. (1954) working with chicks found higher blood amino 
acid values at six than at two weeks of age for lysine, threonine, 
valine, leucine and isoleucine although, with the exception of lysine, 
these increases were not of a linear nature. 
Effects of Fasting on Blood Plasma Free Amino Acids 
In the chick, blood plasma amino acids have been found to decrease 
markedly on fasting, except for lysine which rose significantly (Charkey 
et al., 1953). A more complète study on the effect of fasting on blood 
plasma amino acids of the chick was reported a year later by Charkey_et al. 
(1954). Fasting resulted in a surprisingly increased blood plasma free 
amino acid concentration at two weeks of age, but this effect decreased 
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with age and by the time the birds were six weeks old lysine was the 
only amino acid still increased at the end of a 24 hour fast. Similar 
results have been reported recently by Gray jet al. (1960) who demon­
strated that withholding the food for 24 hours before the blood specimen 
was taken resulted in a marked increase in lysine and threonine concen­
tration. 
This surprising behavior of lysine in the blood plasma of fasting 
chicks, supposedly due to the chick1s inability to deaminate lysine, led 
Charkey _et _al. (1955) to study the effect of fasting in humans. A 48-
hour fast resulted in an increased blood level of leucine and valine, 
while the blood concentration of lysine, threonine, methionine, arginine 
and tryptophan were simultaneously reduced by fasting, a response which 
was entirely different from that found in chicks up to six weeks of age 
(Charkey et al., 1954). A correspondence seems to exist in both humans 
and chicks between the amino acids exhibiting a blood level rise during 
fasting and those amino acids metabolically unavailable by precursor 
amination. 
Effects of Other Nutrients on Blood Plasma Free Amino Acids 
Charkey et al. (1950) studied the effects of the presence or absence 
of other nutrients in the diet on the concentration of blood plasma free 
amino acids in chickens. The concentration of non-protein nitrogen as 
well as that of arginine, lysine, methionine, tryptophan, histidine, 
threonine and valine was found to be higher in the chicks deficient in 
vitamin B^g than in those receiving a diet containing adequate amounts of 
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this vitamin. Chickens given B^ grew more rapidly and utilized feed 
more efficiently than the B^g deficient controls, although the latter 
had higher blood levels of amino acids. Contradictory reports on the 
effects of vitamin B^ deficiency in chicks on blood plasma amino acids 
have been published by Richardson et _al. (1953a) who found blood 
arginine. methionine, tryptophan, lysine and valine decreased in the 
vitamin B-^ deficient animals. Other vitamins assayed were pyridoxine 
and pantothenic acid, both resulting in an increased concentration of 
arginine, methionine and tryptophan. Riboflavin deficiency caused an 
increase in the blood levels of tryptophan, methionine and valine, while 
a lowered value of niacin in the diet resulted in an increase of only 
arginine and lysine. 
The carbohydrate fraction accompanying protein test meals has been 
shown (Munro and Thomson, 1952; Guggenheim et al., i960) to have a marked 
effect on the response of blood amino acids to dietary proteins. When 
several types of carbohydrates were studied for their effect on amino 
acid absorption (Guggenheim et al., 1960), lactose was found to induce 
the highest lysine peak, fructose the longest duration of the lysine 
increase, whereas dextrose depressed the usual rise of lysine found 
after a soybean test meal. Furthermore, starch, lactose and fructose 
caused a higher rise of methionine than sucrose or dextrose. The mean 
increases of lysine after a test meal of soya protein with starch, 
sucrose, lactose, fructose and dextrose were 2.9, 2.6, 4.4, 3.7, and 
2.3 mg. per 100 ml. and for methionine 0.4, 0.3, 0.4, 0.5, and 0.3 mg. 
per ml. respectively. 
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Development of Analytical Methods 
Since the discovery of the first amino acid, analytical chemists 
have been concerned with developing methods that would permit an 
accurate determination of the amino acid content of proteins. Few 
aspects of protein chemistry have been the object of such an intensive 
study as that of amino acid analysis. Although extremely important in 
the historical development of protein chemistry, these chemical methods 
have provided reliable quantitative procedures for but a few of the 
protein-amino acids and they do not achieve the objective of accounting 
for all of the nitrogen of a protein in terms of the individual amino 
acids formed upon hydrolysis. 
Bacterial nutrition provided the clue to microbiological procedures 
which did not develop until 1943 and subsequent years (Shankmann et al., 
1943; Kuiken et al., 1943 and Dunn et al., 1944). After careful study 
of the nutritional requirements of a number of lactic bacteria it was 
possible to select a few organisms that would provide the basis for the 
microbiological assay for nearly all of the amino acids found in protein 
hydrolysates. 
A most important step towards an accurate procedure for the de­
termination of amino acids took place when Martin and Synge (1941) 
introduced the technique of chromatography into this field. Through 
paper chromatography first and column chromatography later (Stein and 
Moore, 1948) this analytical procedure provided the most reliable method 
for the qualitative and quantitative determination of the amino acids 
produced in protein hydrolysis. Very recently gas chromatography has 
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been introduced into the field of amino acid analysis (Hunter et al., 
1956; Johnson et al., 1961) with a further improvement, through a 
considerable shortening of the time required for a complete analysis of 
all amino acids. 
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INVESTIGATIONS 
General Experimental Procedures 
Records of the experiments which comprise this dissertation are on 
file in the Animal Husbandry Section of the Iowa Agricultural and Home 
Economics Experiment Station under the title of Swine Nutrition 
Experiments 984, 984a, 994, 1015, 1037, 1052, 1093, 1109, 1110, 1116 and 
1120. 
To a considerable extent the methods used in the experiments are 
identical. These common features will be described briefly to avoid un­
necessary repetition in the discussion of each individual experiment. 
All animals were obtained from the swine nutrition farm breeding 
herd. For the most part the animals were crossbred with the breeds of 
Yorkshire, Landrace and Black Poland China predominating. Within 24 
hours after birth, each pig was individually weighed and ear notched, 
needle teeth were clipped and 100 mg. of iron, as iron-dextran, were 
injected intraperitoneally. The male pigs were castrated at approxi­
mately one week of age, except for those in experiment 1015, and all 
pigs were vaccinated with a modified hog cholera virus and serum and 
modified erysipelas vaccine. 
All experimental pigs were weaned between 10 and 18 days of age. 
They were then group fed for a pre-experimental period of two to four 
days, during which time they learned to eat dry rations. With the ex­
ception of experiments 984a, 994, 1037, and 1110, the pigs were randomly 
allotted from littermate outcome groups to blocks of individual feeding 
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pens to which experimental treatments had previously been randomly 
assigned. 
The buildings and pens were thoroughly cleaned and then disinfected 
with Dowicide A^ before the initiation of each experiment. During an 
experiment the pens were cleaned daily and a minimum of personnel allowed 
in the facilities. With few exceptions, only the personnel directly re­
sponsible for cleaning and conducting the experiment entered the 
buildings. 
Experiments 984 and 1015 were conducted in a building (Unit F) pro­
vided with supplemental, thermostatically controlled heat. The 
temperature was maintained at 80 degrees Fahrenheit the first week, 
reduced five degrees per week to 70 degrees and held at this temperature 
for the duration of the experiment. The individual wood-floor pens were 
furnished with a self-feeder and a continuous-flow waterer. 
Experiments 1093, 1109, 1116 and 1120 were conducted in Unit E. 
This unit is a controlled-temperature, well ventilated baby pig nursery 
equipped with germicidal lamps around the room, at the entrance and at 
the air inlet. The concrete floor under the pens was radiant heated by 
thermostatically controlled circulating water and the room temperature 
was controlled by a forced air heating and cooling system. The room 
temperature was maintained at 70 degrees Fahrenheit. The floor tempera­
ture was held at 85 degrees the first week, dropped five degrees per 
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week to 70 degrees and maintained at this temperature for the duration 
of the experiment. The individual expanded metal floor pens were 
furnished with self-feeders and continuous-flow waterers. 
Experiments 994 and 10.37 were conducted in Unit D, in pens with a 
capacity for three to four pigs per pen in a concrete block building. 
The pens were bedded with shavings and were cleaned daily. For the 
first two weeks they were provided with heat lamps and the building 
temperature was regulated to maintain a temperature of between 70 and 80 
degrees Fahrenheit. The pens were concrete floored with solid partitions 
between pens, and the floor was sloped toward the front where a float-
type waterer was located. A gutter outside the pens carried away any 
excess moisture. The building was cleaned with a high pressure water 
hose and disinfected before each use. Self-feeders raised from the 
floor were provided for each pen. 
Experiment 984a was conducted in Unit A, a building of the same 
characteristics as the described Unit D. Experiment 1110 was conducted 
in Unit H, a well ventilated baby pig nursery, with floor pens and 
thermostatically controlled temperature by circulating water under the 
concrete floor. The room temperature was controlled by forced air heat­
ing.. 
The pigs were individually weighed at the time they were placed on 
experiment and at weekly intervals thereafter. Feed consumption was 
also determined at weekly intervals. Blood samples were obtained before 
removing the baby pigs from the sow, when blood plasma free amino acid 
analyses were to be run at weaning time. 
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The data collected from each experiment were statistically analyzed 
by methods described by Snedecor (1956) . In all experiments the pen was 
considered the experimental unit. Any reference to statistical signifi­
cance pertains to the probability level of five per cent or less. In 
cases where animals were removed from an individual feeding experiment 
due to death or unthriftiness, the missing data were calculated by the 
methods described by Snedecor (1956). 
Analytical Methods 
All blood specimens were drawn from the anterior vena cava, except 
when otherwise indicated, into a syringe the dead space of which con­
tained a solution of heparin sodium (one per cent) or a saturated 
solution of sodium citrate (Hewitt, 1932), centrifuged immediately at 
2,500 r.p.m. for five to 10 minutes and the plasma removed. 
A 10 ml. aliquot of the plasma was promptly deproteinized with 
picric acid and the protein-free plasma prepared on the same day, when­
ever possible, for column chromatography as described by Stein and Moore 
(1954). When the protein-free plasma could not be prepared on the same 
day, it was frozen and stored at -17 degrees Centigrade, in polyethylene 
bottles until processed. 
The protein-free plasma was concentrated down to about two to three 
ml. under vacuum with a rotary evaporator or by heating in a boiling 
water bath. The concentrated solution was then diluted to 10 ml. with 
0.02 N HC1, mixed well and divided into three aliquots of four, four and 
two ml. respectively. 
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One of the four ml. aliquots was subsequently brought to a pH 7.0 
to 8.0 (Hydrion paper) by the dropwise addition of N NaOH and allowed to 
stand at room temperature for four hours, conditions which are known to 
convert cysteine to cystine (Stein and Moore, 1954). The samples were 
adjusted to a pH 2.0 by dropwise addition of a hydrochloric acid so­
lution and stored at -17 degrees Centigrade until analyzed. 
This so prepared aliquot was used for the determination of the 
acidic and neutral amino acids, the other untreated four ml. aliquot 
for the determination of the basic amino acids and the remaining two ml. 
stored as a safety measure. 
The concentration of amino acids in the protein-free plasma was 
determined by ion exchange chromatography as described by Moore and Stein 
(1954a) and Moore et al. (1958). The same lot of resin (Amerlite IR-120) 
was fractionated according to the hydraulic method of Hamilton (1958), 
and used repeatedly for the entire period. The per cent yield of each 
one of the fractions was hot the same as the described yield by Moore 
et al. (1958) but they were found to perform satisfactorily. 
Two ml. effluent fractions were collected by means of two automatic 
fraction collectors (Model 1205, Research Specialties Co., and Model 230, 
Packard Co.), and analyzed photometrically by the method of Moore and 
Stein (1954b). 
The amino acids emerged more slowly than described by the original 
authors (Figure 1), but the sequence of emergence, however, was similar 
to that of Moore _et al. (1958). The peaks were very well separated in all 
samples analyzed during the first year and a half. After that time, and 
Figure 1. Chromatogram obtained with deproteinized blood plasma of young pigs. The emergence 
. of the amino acids is slower (a total volume of the eluate of 650 versus 490 ml.) 
than the original method (Moore et al., 1958), but the separation was very satisfactory. 
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apparently due to the excessively repeated use of the column, the sepa­
ration became less and less defined until the column had to be discarded 
and a new one set up with the remainder of fraction D which had been 
stored in 0.2 N NaOH under refrigeration. Subsequent use of that column 
did not yield as good a separation of all amino acids, and overlappings 
between threonine-serine, glutamic acid-citrulline and glycine-alanine 
were frequently observed. Tryptophan was not found in any of the 
eluates. In view of the rate of destruction reported for tryptophan 
(Stein and Moore, 1954) for this analytical procedure (40 to 60 per cent) 
plus the expected low concentration of tryptophan (0.61 to 0.88 mg. per 
100 ml. in most species), it was likely that the small amount left 
escaped detection, with the sensitivity of this procedure being about 
0.15 to 0.20 mg. per 100 ml. for most amino acids, with the size of 
sample normally used. 
Recovery from the columns (Table 2) was determined and found to vary 
from 90 to 110 per cent for most amino acids, with the exception of 
proline, cystine and arginine, which gave very low recoveries. 
Of the two unidentified peaks in human plasma mentioned by Stein and 
Moore (1954) and Frame (1958), the one between urea and aspartic acid was 
frequently seen while the post-leucine peak was not seen at all except in 
one of the samples. However, an unidentified peak was found to emerge 
before glycine, very consistently in all animals fed diets with dried 
skim milk as the source of protein. In each chromatogram, a correction 
for methionine was made for a 10 per cent loss on the column, and all 
amino acids were corrected for their color yield using the factors given 
by Moore and Stein (1954b), which were found to be reproducible in our 
analytical procedure. 
A column 15 centimeters in length was first used to separate the 
basic amino acids, but since this column did not separate ornithine from 
lysine, a 50-cm. column was set up and its height eventually reduced to 
25 cm. when the time per run was found to decrease considerably without 
affecting the separation of the amino acids. 
The sodium citrate buffers used were those described by Moore _et al. 
(1958) with the following modifications: as the separation of the 
neutral and acidic amino acids decreased, the pH of the original buffer 
described for the 150-cm. column was reduced from 3.25 to 3.10, this 
lower pH resulting in an improved separation of the otherwise overlapped 
threonine-serine, and glycine-alanine. The overlapping between glutamic 
acid and citrulline eventually became so complete that they emerged in a 
single peak, thus being necessary the expression of glutamic acid as the 
combination of both amino acids. No correction was used for this over­
lapping, since citrulline was found to vary considerably with the 
different diets making an accurate correction impossible. The pH 4.25 
buffer was kept at such pH, except for the last samples, when it was 
found necessary to reduce its pH to 4.20 to eliminate an increasing over­
lapping between tyrosine and phenylalanine. 
When the 50-cm. column was decreased to 25 cm. it was found neces­
sary to slightly increase the ionic concentration of the pH 5.28 buffer 
from 0.35 to 0.38 N in sodium and to decrease its pH from 5.28 to 4.18 in 
order to maintain an optimum separation of all basic amino acids, while 
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decreasing the length of time involved in the separation of all amino 
acids from 36 to 12 hours. 
The 150-cm. column was run at 50 degrees Centigrade by means of a 
circulating water pump and heater, while the temperature of the other 
columns (15, 50 and 25-cm.) was decreased to room temperature without 
any apparent impairment of the separation. 
With the second 150-cm. column used, as well as with all the short 
columns, it was found necessary to use a layer of mineral oil, which was 
dyed with a fat-soluble stain to make it more evident, to prevent drying 
and cracking of the column of resin due to the release of air bubbles 
from the buffers (Moore et al., 1958). 
When the technique of concentrating the protein-free plasma was 
changed from the rotary evaporator under vacuum to a boiling water bath 
system, the concentration of ammonia in the samples increased consider­
ably, probably due to excessive deamination of any asparagine or 
glutamine existing in the plasma (Hamilton, 1945) and possibly other 
amino acids. 
Tables 2 to 50 are to be found in the Appendix. The different 
experiments are arranged in the text by type of subject. All experi­
ments involving blood data are presented first, followed by the 
experiments involving amino acid supplementation. The tables in the 
Appendix are similarly arranged. 
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Experiment 994 
Source of Dietary Protein and Blood Plasma Free Amino Acids 
Objective 
This experiment was designed to study the effect of different 
protein sources on the blood plasma free amino acid concentration of 
young pigs and their possible correlation with performance. 
The study of the blood plasma free amino acids and their inter­
relationships with dietary proteins had been suggested (Almquist, 1954) 
as the basis of a new technique of protein evaluation. With this in 
mind, it was thought necessary to find out how different proteins 
affected the level of free amino acids of blood plasma, especially those 
known to be deficient in the protein source used. 
Experimental procedure 
Forty crossbred pigs, averaging 11.4 pounds body weight and 22 days 
of age were used in this experiment. All animals were randomly allotted 
to five experimental diets, in two replications of four pigs per pen and 
the experiment was conducted in Unit D at the Swine Nutrition Research 
Farm. 
Five different protein sources were assayed in this experiment : 
dried skim milk, soybean meal, fish meal, meat meal and cottonseed meal. 
All five experimental diets, shown in Table 3, were formulated to have 
20 per cent protein supplied exclusively by the protein source studied, 
except for that provided by 25 per cent yellow corn. The corn was added 
uniformly to the five diets to facilitate proper flow of the feed, 
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through improvement in the texture, in the self-feeders provided in each 
pen. 
The calculated amino acid composition of the five diets, expressed 
on a per cent basis is presented in Table 9. The amount of lactose 
provided by the dried skim milk diet was added to the remaining four 
diets, in order to minimize any carbohydrate effect on amino acid 
absorption, as has been reported by Guggenheim et al.,(1960). 
Blood samples were collected at the end of the 28-day experimental 
period, without any previous fasting. All samples from the pigs in each 
pen were combined, providing a pooled sample per replication and treat­
ment. 
Results and discussion 
The summary of total gains and feed required per pound of gain are 
presented in Table 7 and graphically summarized in Figure 2. The experi­
mental plan and analysis of variance are shown in Table 8. 
Replication and protein sources all exerted a significant effect on 
gains. There was no significant difference between plant and animal 
protein sources with regard to gain. However, differences were noted 
between the two plant sources, cottonseed meal and soybean meal. A 
similar difference was noted between fish meal and meat meal, and dried 
skim milk produced a significantly higher rate of gain than the two 
other animal proteins. The analysis of the feed required per pound of 
gain showed significance for meat meal versus fish meal. 
Figure 2. Experiment 994 - Effects of different protein sources on pig 
gains and feed required per pound of gain. 
DSM = Dried skim milk 
SBM - Soybean meal 
FM = Fish meal 
CSM r Cottonseed meal 
MM = Meat meal 
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The data for the concentration of blood plasma amino acids plus the 
two non-protein ninhydrin-reacting compounds also studied (urea and 
ammonia) are presented in Table 10. The values for lysine include 
ornithine which in the particular set of analytical conditions failed to 
separate from lysine, both amino acids emerging in a common peak. Due to 
a similar overlapping between serine and the asparagine-glutamine peak in 
the effluent curves, the values for serine include and have nqt been 
corrected for the presence of either one of the two amines in the plasma, 
although the concentration of these is assumed to be rather small. 
This is an apparent contradiction with the reported absence of both 
glutamic and aspartic acid in the blood plasma of the dog (Hier and 
Bergeim, 1946) and the human (Stein and Moore, 1954) where both amino 
acids appear mainly in the amine form. While aspartic acid has always 
been found to be very low or absent in most samples, both in this as 
well as in subsequent experiments, glutamic acid appeared in a rather 
high concentration. The low levels of aspartic acid might well be due 
to deamination of asparagine, but it is very unlikely that all the 
glutamic acid obtained was derived from glutamine, since the amount of 
ammonia obtained is not exceedingly in disagreement with blood ammonia 
levels found in the pig of the same age and comparable dietary treat­
ments. Also, the concentration of glutamic acid in blood plasma is in 
close agreement with values reported for this amino acid by other 
workers both in the pig (Ritchey and Richardson, 1959) as well as in 
other species (Jarowski, 1961). 
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The blood plasma values for urea are presented in Figure 3 as they 
appear to be inversely proportional to the gain in body weight and feed 
efficiency. This apparent relationship with performance was expected on 
the basis of the amino acids from the unbalanced proteins being 
catabolized and excreted via urea. 
In Figure 4 the plasma amino acids from the animals fed the soybean 
meal diet are compared to the amounts present in the diet. The low 
values for cystine, proline, phenylalanine, tyrosine, isoleucine and 
leucine are particularly significant. The values for methionine were so 
low that they escaped detection by the method of analysis employed. The 
concentration of blood plasma free methionine in those pigs was therefore 
assumed to be 0.20 mg. per 100 ml. or less, this being the limit of 
sensitivity of the method used. 
Proline was found to be the amino acid showing the greatest decrease 
in concentration, after methionine, in the soybean meal-fed pigs. 
Proline is not usually considered an essential amino acid in swine 
nutrition, although there is some evidence that it might be essential 
for the chick. 
The finding that proline peptides involving mainly threonine or 
valine, are very resistant to tryptic digestion (Fischer and Abderhalden, 
1902) is very suggestive, since both threonine and valine are also 
equally low in the blood plasma of these animals (Figure 4). The low 
blood plasma free proline of the soybean meal-fed pigs, may be therefore, 
somewhat connected with the poor performance of baby pigs fed this 
Figure 3. Experiment 994 - Effects of different protein sources on pig 
gains and blood plasma urea levels. 
DSM s Dried skim milk 
SBM s Soybean meal 
FM m Fish meal 
CSM s Cottonseed meal 
MM s Meat meal 
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Figure 4. Experiment 994 - Blood plasma free amino acids of pigs fed a soybean meal diet versus 
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protein source. 
When the plasma amino acid concentrations from the animals fed the 
dried skim milk diet are graphically presented (Figure 5), the much higher 
value for most amino acids is clearly shown, especially for the two 
sulfur containing amino acids, cystine and methionine. The concentration 
of phenylalanine, 1.52 mg. per 100 ml., is low but far above the value 
found in the case of the soybean meal-fed animals, 1.02 mg. Also a high 
concentration of glycine was observed in the blood of these animals, 
considering the low level present in the diet and apparently indicating 
an active process of synthesis. 
Practically the same amino acids appearing in the lowest concen­
tration in the blood of the pigs consuming the soybean meal diet, show 
also the lowest concentration in the case of the animals fed the fish 
meal diet (Figure 6). Although present in higher concentration than in 
the blood of the animals fed the soybean diets, methionine is still low 
as compared to the level found in the plasma of the dried skim milk 
group. Along with low concentrations of methionine, isoleucine, tyrosine 
and leucine the lowest value for phenylalanine was obtained, 0.81 mg. per 
100 ml. The concentration of glycine was very high, 12.3 mg. in the 
individuals fed the fish meal diet, which is in agreement with the high 
content of this particular amino acid in this protein source. 
A concentration of 1.72 mg. of phenylalanine per 100 ml., in the 
animals fed cottonseed meal, was the highest plasma level for this amino 
acid throughout the five different treatments, despite the fact that the 
dietary content of phenylalanine in the cottonseed meal diet is lower 
Figure 5. Experiment 994 - Blood plasma free amino acids of pigs fed a dried skim milk diet versus 
the amino acid composition of the diet. 
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Figure 6. Experiment 994 - Blood plasma free amino acids of pigs fed a fish meal diet versus the 
amino acid composition of the diet. 
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than that in the milk diet (0.98 and 1.03% respectively) indicating a 
higher availability of this amino acid in cottonseed meal (Figure 7). 
However, the values for tyrosine did not follow the same trend since the 
plasma concentration of tyrosine appears to be much higher (3.32 mg. per 
100 ml.) in the blood of the pigs fed the dried skim milk ration than in 
the case of the cottonseed meal diet (1.26 mg. per 100 ml.) which is in 
close agreement with the levels present in the respective diets. Both 
cystine and methionine were consistently low, 0.22 mg. and 0.30 mg. per 
100 ml. respectively, and so were isoleucine, 0.89 mg. and leucine, 1.20 
mg. per 100 ml. 
The lowest concentrations for practically all the amino acids, with 
the exception of glycine, were found in the plasma of the animals fed 
the meat meal diet (Figure 8) which ant along with the poorest growth 
response and feed, efficiency given by this protein source, as compared 
to the other four diets. This poor performance on the meat meal diet 
may be largely a reflection of tryptophan deficiency which was not 
measured in these studies. A very high concentration of glycine 12.8 
mg. per 100 ml., accompanied very low values for cystine, methionine, 
leucine and the lowest value obtained for isoleucine, 0.87 mg. per 100 
ml. of plasma. 
Some amino acids appeared in the blood plasma in a uniform way 
which seems to be predictable, regardless of the nature of the protein 
providing them, e.g. histidine and threonine, while in the case of other 
amino acids, e.g. methionine and phenylalanine, plasma concentration 
seems to be determined more by the nature of its dietary carrier than 
Figure 7. Experiment 994 - Blood plasma free amino acids of pigs fed a cottonseed oil meal diet 
versus the amino acid composition of the diet. 
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the actual amount present in the protein. 
It is evident from these studies that the plasma concentration of 
individual amino acids depends to a certain degree upon the amount 
present in the diet, with the exception of some of the non-essential 
amino acids, such as glycine and glutamic acid. In the comparison 
among the five different sources of protein, which gave a totally 
different growth response when fed to baby pigs, the concentration.of 
free amino acids in the blood plasma seems to be related not only to the 
amounts present in the protein ingested but also to the nature of this 
protein. 
A higher and more relatively uniform concentration of free amino 
acids was found in the blood plasma of the animals growing at a faster 
rate. The relative proportion of these amino acids seemed to be more 
important than the total concentration, when plasma amino acid patterns 
and growth response of the animal were compared. Most of the plasma 
amino acids in the pigs fed soybean meal, cottonseed meal, meat meal and 
fish meal had a much lower concentration than those in the dried skim 
milk, which may indicate either a higher utilization at the tissue level 
or more likely a poor absorption from the gastrointestinal tract. 
Experiment 1015 
Effect of Age and Source of Protein on Blood Plasma Free Amino Acids 
Objective 
Digestibility studies in the baby pig (Hays et al., 1959) have 
demonstrated that the pig's ability to digest soybean protein increases 
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markedly with age, while the digestibility of milk proteins changes only 
very slightly. This improvement in digestibility between two and five 
weeks of age is in agreement with the suggested proteolytic enzyme 
insufficiency of the baby pig below five weeks of age (Lewis jat al., 
1955). 
Under this assumption it has been theorized that this inefficient 
proteolysis would result in decreased absorption of amino acids from the 
digestive tract, which in turn would be reflected in the blood plasma 
free amino acid levels. This experiment was designed to study the free 
amino acids of the blood plasma of growing pigs, to determine whether 
this assumed proteolytic insufficiency affects all amino acids in the 
protein or mainly the release of amino acids bound by characteristic 
linkages in the protein, which the pig is not as yet able to hydrolyze. 
The study of general effects of age on blood plasma free amino 
acids was also pursued in this experiment as well as their inter­
relationships with the source of protein in the diet and the performance 
of the animal. Data were also collected to obtain some information as 
to the degree of biological variation among littermate pigs in the same 
environmental conditions, information which was found necessary in order 
to evaluate the feasibility of pooling blood samples in future experi­
ments designed for blood plasma amino acid studies. 
Experimental procedure 
Ten crossbred pigs were used in this experiment, eight of them 
being littermates. These pigs were weaned at 12 days of age, averaging 
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6.6 pounds body weight, and were immediately started on their respective 
diets, in order to have them adjusted to the diet when the first blood 
samples were taken at two weeks of age. All animals were individually 
caged and allowed feed and water ad libitum. 
Table 11 describes the composition of the two 20 per cent-protein 
diets used in this study. These diets were formulated to contain dried 
skim milk and soybean meal as the only source of protein respectively. 
No com was included in the formulation, in order to avoid adulteration 
of the amino acid content of each of the protein sources, and therefore 
special care was taken to avoid caking of the dried skim milk diet in 
the feeder which might have resulted in a limited intake of this diet. 
Lactose was added to the soybean meal and starch to the dried skim 
milk diets in an attempt to reduce to a minimum any possible carbo­
hydrate effect as has been reported (Guggenheim et al., 1960) on the 
absorption of amino acids from the two dietary proteins. Potassium, 
sodium and magnesium were equally brought to the same levels in both 
diets, by means of potassium chloride and sodium chloride supplementation 
to the soybean meal diet and magnesium chloride to the dried skim milk 
ration. 
Blood samples were collected, without previous fasting, at weekly 
intervals, and hematocrit values and blood plasma free amino acids 
determined. 
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Results and discussion 
Total pig gains and feed required per pound of gain are summarized 
in Table 14 and graphically presented in Figure 9. The blood plasma 
free amino acid and hematocrit values are summarized respectively in 
Tables 16-19 and 20. The experimental plan and analysis of variance 
are shown in Table 15. Typical growth and feed efficiency responses to 
the two experimental diets are graphically presented in Figure 10. 
The concentration of aspartic acid, threonine, proline, valine, 
isoleucine, leucine, tyrosine, phenylalanine, ornithine, lysine, 
histidine and arginine, increased while the concentration of glycine, 
alanine and methionine decreased in the blood plasma of the pigs fed 
both types of protein, as age increased (Figure 11). 
The remaining amino acids were affected differently according to 
the protein source. While the concentration of free glutamic acid, 
serine and cystine decreased with age for the dried skim milk-fed pigs, 
it increased in the pigs fed soybean meal. Also, taurine and citrulline 
decreased with age in the soybean meal-fed pigs while their concentration 
increased in the blood plasma of the pigs fed dried skim milk. The 
behavior of these two amino acids was somewhat expected when the ef­
ficiency of utilization as related to age for the two protein sources 
are compared. These two amino acids were rather consistently found in 
low concentrations in the blood plasma of pigs growing at a faster rate, 
a reflection of maximum amino acid utilization. 
When the.dietary protein was not being efficiently utilized, as was 
the case for soybean meal for the pig under five weeks of age and for 
Figure 9. Experiment 1015 - Effect of protein source on pig gains and 
feed required per pound of gain. 
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dried skim milk in the pig beyond that age (Figure 12), the concentration 
of these amino acids increased, indicating waste of the non-utilized 
amino acids. 
When the amino acids which acted similarly when age increased are 
subjected to a closer study, it is observed that practically all amino 
acids increasing in concentration with age belong to the group which has 
long been known as "essential" amino acids, while:the reverse is true 
for the "non-essentials". 
No report on such a consistent effect of age has been found previ­
ously in the literature. Charkey _et jal. (1954) found higher blood 
plasma amino acids in chicks at six weeks than at two weeks of age for 
lysine, threonine, valine, leucine and isoleucine, although these 
increases were of a rather variable nature, except for lysine which 
exhibited a linear increase with age. More recently Tonkinson _et al. 
(1961) working with turkey poults has reported a slight age effect, of 
a positive nature, although the concentration of most amino acids did 
not seem to be affected by age. Arginine, on the other hand, followed 
a negative trend, decreasing in concentration in the blood plasma as the 
animal advanced in age. 
The degree of the age effect on the blood plasma amino acid concen­
tration noticed in this experiment varied considerably with the nature 
of the protein present in the diet. While most essential amino acids 
followed a definite and smooth upwards trend in the dried skim milk-fed 
pigs, as they increased in age, the curve corresponding to the soybean 
meal fed-pigs sloped upwards very lightly until the fourth or fifth week 
Figure 12. Experiment 1015 - Effect of age on rate of body weight increase in baby pigs fed dried 
skim milk and soybean meal diets. 
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of age was reached, at which point a very decided inflexion occurred, 
bringing the concentration of most amino acids very close or even higher 
than those found in the dried skim milk-fed pigs in a similar age 
period. 
Lewis est al. (1955) reported that the baby pig is unable to 
efficiently utilize soybean meal protein from birth to about four to 
five weeks of age. However, after five weeks of age, the normal growing 
pig's apparent enzyme insufficiency is corrected and the digestion of 
vegetable proteins is performed adequately. The blood plasma free amino 
acids data obtained in this experiment seem to support this theory. Up 
to the fourth or fifth week of age, depending on the particular amino 
acid considered, most amino acids in the blood plasma of the soybean 
meal-fed pigs show a very low concentration (Figure 13), along with a 
practically stationary growth pattern (Figure 10), presumably a re­
flection of the poor amino acid utilization in comparison with the 
higher concentration values for the dried skim milk-fed pigs and their 
much faster growing rate. However, as the animal approaches four to 
five weeks of age, a sudden change is noted in the blood amino acid 
levels of the soybean meal-fed pigs which progressively increase up to 
comparable or even higher values than those found for the dried skim 
milk-fed group. 
Average values for the pigs of two, three and four weeks of age and 
those of six, seven and eight weeks have been summarized in Table 18. A 
graphic comparison for leucine and phenylalanine is presented in Figure 
14 showing how most amino acids have a much closer level at the 6-7-8 
Figure 13. Experiment 1015 - Effect of age on blood plasma free 
arginine and leucine of baby pigs fed a soybean meal diet. 
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Figure 14. Experiment 1015 - Effect of age and source of protein on 
post-weaning blood plasma free leucine and phenylalanine 
of baby pigs. 
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period than at the 2-3-4 period, when soybean meal and dried skim milk 
diets are compared. 
Of the non-essential amino acids, glycine and glutamic acid show 
the most definite downward trend with age, in the pigs fed dried skim milk 
while in those receiving the soybean meal diet, their concentration de­
creases very slightly (glycine) or is even increased at eight weeks of 
age (glutamic acid). 
A possible explanation for this different pattern for both glycine 
and glutamic acid is advanced based on the compared rates of body gain 
for the two different diets. When these are graphically presented 
(Figure 12) a downward trend is noticed for the dried skim milk-fed pigs, 
while a reverse situation occurs for.the soybean group. Both curves 
intercede at the four to five weeks period, which would somewhat be 
expected on the basis of the data reported by Lewis et _al. (1955) and 
Hays (1957) and the present blood data of this experiment. 
Both highly metabolicàl amino acids seem to be somehow involved in 
active growth, and therefore being non-essential can be easily synthe­
sized and a high blood level maintained for the first three to four 
weeks of age, a period when in the dried skim milk-fed pig the rate of 
body gain is at a maximum. As the per cent increase in body gain 
declines the blood plasma concentration of these amino acids decreases. 
On the soybean-fed group, however, a very active process of synthesis, 
or in other words a fast rate of body gain, does not begin until the pig 
is four or five weeks old. The blood levels of both glycine and 
glutamic acid would presumably be kept at a high level, or even increased 
further, as is the case with glutamic acid, to meet the suddenly faster 
rate of body gain experienced by these animals on such a diet. At this 
point it is perhaps well to recall the stimulatory effect of glutamic 
acid on tissue synthesis as reported by Christensen e_t _al. (1948) and 
the growth stimulatory effect of the same amino acid reported by 
Rechcigl _et _al. (1957) and Hepburn _et _al. (1960) in the rat. 
When individual rates of body gain are related to the respective 
blood amino acid concentration, the fastest growing pigs are found to 
have a higher blood level for most amino acids. This is in opposition 
to the results of Charkey _et _al. (1950) who found that fast growing 
chicks had a lower blood plasma free amino acid than those growing at a 
lower rate. 
These experimental data seem to support the conclusion that the 
adequacy of dried skim milk as the only source of protein for the baby 
pig after the fifth week of age is decreased while that of soybean meal 
increases after that period. Pigs fed on a strict soybean meal diet 
gained at a much faster rate after five weeks of age proportionally to 
their body weight, than the corresponding animals ingesting the dried 
skim milk diet. 
A dilution of the blood, due to repeated sampling, reflected in 
lowered hematocrit values, has been reported when sampling is performed 
at close intervals (Frame, 1958). Although the removal of 20 ml. of 
blood at weekly intervals was believed to have no deleterious effect 
whatsoever in the animal, hematocrit determinations were made and are 
presented in Table 20. 
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No indication of any dilution effect was found in any one of the 
animals. No significant differences were found between the animals fed 
the two experimental diets. The hematocrit values, however, increased 
with age, from an average value of 26.9 at two weeks of age to 36.8 at 
eight weeks of age. 
The study of the blood plasma concentration of free amino acids of 
individual pigs in the same litter and treatment (Table 19) revealed 
variations within the expected biological variability and indicated that 
the variation encountered among treatments was considerably larger than 
that found within treatments. 
Experiment 1052 
Effect of Amino Acid Supplementation (Methionine, Leucine, 
Isoleucine and Phenylalanine) on Blood Plasma Free Amino Acids 
Objective 
In experiment 994 different blood plasma aminograms were obtained 
for different protein meals. The main difference between dried skim 
milk and other proteins, mainly that of soybean oil meal, was in the 
concentration of some definite amino acids, particularly leucine, iso­
leucine, methionine and phenylalanine. It was thought, therefore, that 
if the blood plasma level of these amino acids could be brought up to 
equivalent levels as those found in the dried skim milk-fed pigs, a 
comparable growth response to a diet thus supplemented should also be 
obtained. This experiment was conducted to study the effects of adding 
methionine, leucine, isoleucine and phenylalanine to a soybean meal 
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diet on the concentration of these amino acids in the blood plasma. 
Also, this experiment was expected to provide information regarding the 
rapidity of the young pig in reflecting an amino acid deficiency, due to 
withdrawal of an amino acid in the diet, as well as any possible carry­
over effects which might follow changes in the dietary protein. 
Experimental procedure 
Eight crossbred pigs averaging 12.8 pounds body weight and 21 days 
of age were used in this experiment. Except for two pigs remaining in 
Unit H with the sow, all pigs were individually caged and fed the 
soybean protein basal described in Table 26. The amino acid supple­
mentation of the basal diet provided th*e following levels: 0.22 per 
cent DL-methionine, 0.28 per cent DL-isoleucine, 0.56 per cent DL-leucine 
and 0.36 per cent DL-phenylalanine. No corn was added to this ration, 
to avoid any adulteration of the soybean protein amino acids, and both 
the lactose and potassium content of the diet were brought up to a value 
equivalent to that found in a comparable dried skim milk diet. 
The eight pigs were bled before weaning and then divided into three 
experimental groups (Table 29): two pigs remained with the sow, three 
were weaned onto an unsupplemented soybean meal diet (SBM) and the re­
maining three were weaned onto the same soybean meal diet supplemented 
with methionine (SBM - Met). 
When the pigs had been on these diets one week, blood samples were 
again taken and the diets redistributed among them in the following 
manner. The two pigs on the sow used as a positive control continued 
91 
nursing the sow, one of the three pigs weaned onto the SBM diet was con­
tinued on the same diet, another was changed to the SBM - Met diet and 
the third was changed to the soybean basal supplemented with methionine, 
isoleucine, leucine and phenylalanine (SBM - MILP). 
From the group weaned onto the SBM - Met diet, one of them remained 
on the same ration, another one changed to the SBM diet and the third 
pig changed to the SBM - MILP diet. All pigs were kept for another 
seven days, after which time blood samples were again taken and the 
experiment terminated. 
Gray et al. (1960) found three days to be adequate to obtain a 
complete change in the blood plasma free amino acids of the chick, when 
changed from one diet to another quite different in amino acid compo­
sition. While three days were enough to bring the level of lysine down 
to a deficient level, when the bird was changed from a complete to a 
lysine deficient diet, the reverse was not quite the same, apparently 
taking slightly more than three days to obtain a complete recovery in 
the blood plasma deficient lysine level, back to normal, possibly due to 
a depletion of the lysine reserve or storage of the bird when fed for a 
long time on a lysine deficient diet. 
One week was thus allowed in this experiment for each animal to get 
adjusted to the new diet and to free the results from any carry-over 
effect which might have occurred. 
Blood samples were obtained at the end of each week period after a 
six hour fast, which followed a rhythmical feeding system for both the 
pigs on the sow and on dry feeding, to insure the same stage of 
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digestion. This eventual six hour fast was chosen because at that time 
most amino acids have attained the absorption peak and the animal has 
not as yet gone into a fasting stage, which was necessary to avoid if a 
dietary reflection was to be obtained instead of a fasting picture. 
Results and discussion 
Pig gains are summarized in Table 29. The blood data are summarized 
in Table 30 and 31. 
The amino acid found to result in a more predictable manner in this 
experiment was methionine. While a slight increase in the blood plasma 
methionine concentration was found for the pigs kept on the. sow from the 
first to the third experimental period, when the pigs were weaned to the 
SBM - Met diet, a much higher blood methionine concentration was achieved 
as compared to the pigs weaned onto the SBM ration. This already high 
level experienced a slight but further increase when the pigs were 
subsequently changed to the SBM - MILP diet, while in the pigs that were 
put back on a SBM diet, their blood plasma methionine dropped back to a 
much lower value than the initial concentration (Figure 15). 
All other amino acids, except for threonine, lysine and arginine, 
increased when the pigs were weaned onto a SBM - Met diet as compared to 
the respective SBM-weaned pigs. Soybean meal protein is known to be 
deficient in methionine, and methionine supplementation has been 
reported to result in an improved rate of body gain and feed efficiency 
(Hays et al., 1959; Acker et al., 1959). A much higher concentration 
for most amino acids was expected, from the results of experiment 994, 
Figure 15. Experiment 1052 - Blood plasma free methionine levels of 
baby pigs nursing the sow and fed soybean meal diets 
supplemented with methionine and a mixture of methionine, 
isoleucine, leucine and phenylalanine. 
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in the methionine-supplemented pigs than in the pigs fed the unsupple-
mented diet. 
As was again expected, when the pigs that had been weaned onto the 
methionine-supplemented soybean meal were put back to the unsupplemented 
meal, the blood amino acid levels, except again for threonine and lysine 
but also for proline, valine and leucine, were reduced back to lower 
values than those found the previous week with the SBM - Met diet. Most 
amino acids, however, had a slightly higher level than those found the 
week before in the unsupplemented soybean meal diet, possibly due to an 
age effect which was expected on the basis of the results obtained in 
experiment 1015. 
Hill et al. (1961) have recently reported how the most limiting 
amino acid of a given diet will be reflected by a very low blood plasma 
level in the chick and that when that particular deficiency is overcome, 
next limiting amino acids will show a sharp decrease in their blood 
concentration, results which were predicted from the data reported by 
Christensen (1948). 
It is noteworthy in this connection that when methionine deficiency 
in a soybean meal diet was corrected by the addition of supplemental 
methionine, therefore correcting the blood deficiency and bringing the 
plasma methionine level back to normal, threonine and lysine experienced 
a considerable decrease (Figure 16). This indicates that one of these 
two amino acids may be the second next limiting amino acid in soybean 
meal, especially considering that threonine and lysine seem to be the 
second and third limiting amino acids in soybean protein for the young 
Figure 16. Experiment 1052 - Deproteinized blood plasma aminograms of baby pigs fed a soybean 
meal diet with and without supplemental methionine. 
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pig, when the amino acid content of soybean meal is compared with the 
amino acid requirements of the baby pig. 
When methionine was added along with leucine, isoleucine and 
phenylalanine, most amino acids were found to vary in an irregular 
manner as compared to previous values for either SBM or SBM - Met diets. 
Most surprising, however, was that the blood plasma levels for leucine, 
isoleucine and phenylalanine did not seem to change appreciably in spite 
of the dietary supplementation of these amino acids. The failure of. 
leucine and phenylalanine to increase blood plasma leucine and 
phenylalanine levels respectively has been reported previously (Bang, 
1916; Shambaugh et al., 1931). Positive results for leucine, however, 
have also appeared in the literature (Hier, 1947). 
Table 28 shows the blood plasma free amino acids for the individual 
pigs at weaning time. Note how the different values for most amino 
acids fall within a narrow range of expected biological variation. Based 
on these data, as well as on that provided by experiment 1015, pooling of 
samples was found to be adequate when large numbers of animals were 
involved. 
Experiment 1109 
Protein Digestion Studies in the Baby Pig 
This experiment was conducted to study the rate of release of amino 
acids in the intestinal lumen and their absorption into the blood stream. 
Portal blood plasma has been repeatedly reported to have a higher concen­
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tration of amino acids, as a result of protein digestion and amino acid 
absorption (Seth and Luck, 1925; Dent and Schilling, 1949; Christensen, 
1949), while the ratios of one amino acid to another have been reported 
to be no different in the portal than in the systemic blood by some 
workers (Dent and Schilling, 1949; Denton and Elvehjem, 1954b) and to 
vary both quantitatively and qualitatively by others (Denton et al., 
1953). 
It has also been reported (Nasset, 1957; Twombly and Meyer, 1961; 
Nasset and Soon Ju, 1961) that the digestive juices of the small in­
testine act as a homeostatic device erasing all amino acid differences 
encountered in the diets, in order to provide a more uniform amino acid 
mixture for absorption into the blood stream. 
This experiment was designed to study the release of amino acids 
from the dietary protein in the different sections of the small intestine 
and to compare blood plasma amino acid patterns in both systemic and 
portal blood plasma. 
Experimental procedure 
Six 17-day old pigs averaging 11.3 pounds body weight were used in 
this experiment. Two.protein sources, dried skim milk and soybean meal, 
were individually fed for a week prior to the collection of the data. 
Once the animals were adjusted to the experimental diets, they were 
sacrificed and the intestinal and blood samples obtained. All pigs were 
subjected to a system of rhythmical feeding for a day previous to the 
collection of the data, fasted for 18 hours and given a test meal. One 
animal on each diet was sacrificed at one, two and three hours after the 
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ingestion of the test meal. 
Blood specimens from the anterior vena cava were collected after 
inducing general anesthesia with sodium pentobarbital. Immediately 
after obtaining the caval blood, the abdominal cavity was opened, the 
vena porta exposed and the corresponding portal blood sample obtained. 
Ligatures were then placed at the cardia, pylorus, first 60 centimeters 
of the small intestine, representing the duodenum (St. Clair, 1958), and 
at the mid-section of the remaining small intestine and ileo-cecal region. 
The intestinal segments were removed, washed, opened and the contents 
washed out with distilled water. The washings were collected, made up 
to a known volume and centrifuged at 2,500 r.p.m. for five minutes to 
remove food particles. 
Ten ml. of the supernatant were immediately deproteinized and pre­
pared for column chromatography as described by Stein and Moore (1954). 
The settled food particles were dried overnight to constant weight at 
115 degrees Centigrade and their nitrogen content determined by standard 
micro-Kjeldahl procedures. 
Results and discussion 
Portal and systemic blood plasma amino acid data are reported in 
Table 21 and graphically presented in Figure 17. Only ornithine, lysine, 
histidine and tyrosine-phenylalanine were determined in this experiment 
in all samples. 
The first two animals were lost in the development of the experi­
mental procedure, due to technical difficulties involved in the 
Figure 17. Experiment 1109 - Portal and systemic (cava) blood plasma 
free amino acids of baby pigs at different hours after a 
test meal. 
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collection of the samples. Therefore, all data reported in this experi­
ment will be that provided by the remaining four animals. 
The free amino acids obtained from the different intestinal sections, 
expressed as per cent of the ingested amount of each, and the ratios of 
the different amino acids in both the ingested diet and recovered free 
amino acids are summarized in Table 23 to 25. 
The concentration of the free amino acids determined, both in abso­
lute values and as related to the amount of protein or test meal residues 
present, increased from the stomach to the ileum. No free lysine, 
histidine or arginine was detected in the stomach of the pig fed the 
soybean meal diet and sacrificed two hours after the test meal. All 
amino acids were detected in the free form in the duodenum of that 
animal, except for histidine, which did not appear until the jejunum was 
reached. At three hours after the test meal, arginine was detected in 
the stomach, although in small amounts. 
Practically all amino acids were detectable in the free form in 
the stomach of the pigs fed the dried skim milk diet, except for 
histidine at the two-hour and arginine at the three-hour period. 
When the ratios of all amino acids determined were compared to 
those present in the diet, a rather definite trend was observed. The 
ratio of tyrosine-phenylalanine to histidine, while much higher than in 
the diet in both stomach and duodenum, decreased very markedly in the 
jejunum and ileum. This indicated that either both amino acids are 
released very rapidly from the diet in the upper parts of the digestive 
tract, as compared to histidine, or that this latter amino acid is 
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released primarily in the last sections of the small intestine, while 
the rate of release of tyrosine-phenylalanine remains constant, this 
accounting for the greatly reduced ratio. An inert marker would have 
been desirable in this experiment, since it would have helped to clear 
this point. 
The ratio of lysine to histidine did not change appreciably from 
the stomach to the ileum in any of the cases, except for the absence of 
both amino acids in the stomach of the soybean meal-fed pigs, indicating 
a simultaneous release from the protein. 
While the ratio of arginine to histidine did not change signifi­
cantly as the feed proceeded along the small intestine in the pigs fed 
soybean meal, it markedly increased in nearly all instances for the 
dried skim milk-fed pigs, suggesting a very high availability of arginine 
in dried skim milk. 
When the amino acids recovered from the different intestinal 
segments were expressed as per cent recovered from the ingested amounts, 
the dried skim milk-fed pigs were found to have a greater proportion of 
free amino acids in every segment of the small intestine than in the 
case of the pigs fed soybean meal, at both two and three hours after the 
test meal. This was particularly true in the case of arginine, of which 
31.2 per cent of the administered arginine was recovered from the small 
intestine in the free form from the dried skim milk-fed pigs, while only 
12.5 per cent was recovered from the pigs fed the soybean meal. These 
results confirm the fact, already observed in experiment 1052, that the 
arginine of soybean meal is apparently very poorly utilized by the 
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baby pig. 
When total free alpha amino nitrogen was determined in the intesti­
nal segments (Figure 18) it was found to reach a peak in the jejunal 
section of the small intestine, in three of the four animals used. All 
amino acids determined have been found to increase in concentration up 
to the ileum, which indicates that this might not be the case for the 
remaining amino acids, which were not determined in this experiment. 
Total nitrogen recovered from the different intestinal sections was 
found to be higher, up to almost three-fold, than the nitrogen present in 
the test meal. This indicates the presence of endogenous nitrogen, in 
agreement with the reports by Nasset _et al. (1955), and Nasset and Soon 
Ju (1961). 
When total solids obtained from the intestinal segments were com­
pared (Figure 18), dried skim milk was found to be retained in the 
stomach for a longer time than soybean meal, which indicates that a 
longer time may be required for the milk protein to leave the stomach 
and go through all of the digestive tract. This fact has been reported 
by Maner _et al. (1960) . 
No consistent quantitative or qualitative differences were observed 
in blood plasma amino acids in the portal and systemic blood specimens 
(Figure 17) . This apparent contradiction with reported results (Seth and 
Luck, 1925; Dent and Schilling, 1949; Christensen, 1949; Denton et al., 
1953) may be explained on the basis of different experimental conditions. 
Most researchers have worked with extreme experimental conditions. 
Mature dogs have generally been used, fasted for a long time (24 to 48 
Figure 18. Experiment 1109 - Total free amino acid nitrogen (including 
ammonia and urea) and per cent of dry matter recovered from 
the different sections of the small intestine of baby pigs 
"at different hours after a test meal. 
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hours), and fed a very high protein meal (beef, casein, zein, etc.). The 
systemic blood used for the comparison was generally obtained from either 
the radial or femoral vein, both supplying blood which had already been 
deprived from its circulating free amino acids by the tissues, and was 
on its way back to the heart. Baby pigs were used in the experiment 
reported here and were fed a 20 per cent protein diet. The systemic 
blood was obtained from the anterior vena cava which carries blood that 
has gone through no other tissue than the liver, the effect of which on 
amino acid removal cannot possibly be as large in absolute value as that 
of the body as a whole. 
On the basis of the information obtained in this experiment, the 
collection of blood specimens from the anterior vena cava of the pig for 
protein nutrition studies, seems to be adequate since no appreciable 
differences have been found in the amino acid pattern of the blood 
plasma in the ratios of one amino acid to another or in the quantitative 
presence of these amino acids. 
Experiment 1116 
Effect of Amino Acid Supplementation (Methionine, 
Threonine, Lysine and Valine) on Blood Plasma Free Amino Acids 
Objective 
This experiment was undertaken to study the effects of methionine, 
threonine, lysine and valine supplementation of soybean meal diets on 
growth rate, feed efficiency and blood plasma free amino acid concen­
tration of young growing pigs. 
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In experiment 1052, threonine, lysine, arginine and valine exhibited 
a very low blood plasma concentration when the methionine-supplemented 
soybean meal diet was fed, as compared to the unsupplemented protein. 
Reports by Hill e_t _al. (1961) have indicated that correcting the low blood 
plasma level of a deficient amino acid in a given protein results in a 
marked decrease in the concentration of the next limiting amino acids, 
which supposedly are handicapping protein synthesis. 
The low levels for these amino acids found in experiment 1052 plus 
the fact that threonine and lysine were shown to be theoretically the 
second and third limiting amino acids of soybean protein for the baby 
pig when based on amino acid composition of soybean meal (Hays, 1957) 
provided the basis for this experiment. Arginine was not included in 
this experiment, since it has been previously reported (Hays et al., 
1959) that arginine supplementation of soybean meal diets already 
supplemented with methionine results in no further improvement of growth 
rate or feed efficiency. 
Experimental procedure 
Twenty individually fed pigs were used in this experiment. They 
averaged 16.8 days of age and 9.7 pounds body weight at the initiation 
of the experiment. The basal ration shown in Table 26 contained soybean 
meal as the only source of protein and was formulated to provide 18 per 
cent protein. Lactose and potassium chloride were added to the diet to 
equalize the amounts provided by a comparable dried skim milk diet, in 
order to reduce to a minimum any carbohydrate or mineral effect on amino 
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acid absorption. 
Methionine-hydroxy-analogue (MHA) was used in this experiment 
instead of DL-methionine, at a level of 0.19 per cent of the diet. The 
levels of DL-threonine, L-lysine and DL-valine used were respectively 
0.32, 0.34 and 1.28 per cent. All amino acid additions were made on the 
basis of calculated differences for these amino acids between comparable 
dried skim milk and soybean meal diets. 
Blood samples were obtained from the anterior vena cava at the 
termination of the 28-day experimental period without any previous 
fasting. Individual samples were pooled for each one of the five 
experimental treatments and prepared for column chromatography as previ­
ously described. 
Results and discussion 
The summary of total gains and feed required per pound of gain are 
presented in Table 35 and graphically summarized in Figure 19. The 
experimental plan and analysis of variance are shown in Table 36. 
A surprisingly poor performance was recorded for the pigs fed the 
MHA-supplemented soybean meal diet. Methionine supplementation of 
soybean meal rations has been reported repeatedly to improve body gain 
and feed efficiency (Acker et al., 1959; Hays et al., 1959). The feed 
conversion values for the MHA-supplemented group, however, were quite 
good, which indicates that a palatability factor decreasing feed con­
sumption may be partially responsible for the poor performance. This 
explanation, however, is not completely satisfactory in view of no 
Figure 19. Experiment 1116 - Effects of supplementation of soybean meal 
diets with methionine (MHA), threonine, lysine and valine on 
gains and feed efficiency of baby pigs. 
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apparent palatability problem with the diets supplemented with threonine, 
valine or lysine in combination with the same level of MHA. 
Both threonine and valine supplementation improved body weight gain 
which in the case of valine went along with an improvement in feed 
efficiency. Supplementation with threonine, lysine and valine signifi­
cantly increased body weight gain, when compared with the MHA-
supplemented basal. This significance, however, was apparently due 
to the abnormally low performance of the pigs fed the MHA-supplemented 
diet. Lysine, on the other hand, did not result in an improvement of 
body gain versus the control but it did counteract the apparent growth 
depression effect of MHA and brought body gain back up to the same order 
of magnitude as found in the unsupplemented control. 
The blood plasma free amino acid concentrations for the five diets 
are summarized in Table 37. The addition of methionine (MHA) resulted 
in an increased blood plasma methionine, from an undetectable amount to 
0.88 mg. per 100 ml. All other amino acids were also found in higher 
concentration than in the unsupplemented diet, except for glycine, 
lysine, histidine and arginine which decreased. The reduction in level 
was particularly pronounced for histidine (from 3.32 to 1.47 mg. per 100 
ml.) . 
While the supplementation with methionine did not greatly affect 
the blood plasma concentration of threonine, in disagreement with the 
results of experiment 1052, the levels of histidine, lysine and arginine 
decreased considerably, which indicated that these amino acids might be 
limiting growth under the conditions causing the encountered suboptimal 
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rate of growth. It was the first indication that under certain con­
ditions histidine might be deficient in soybean protein for baby pigs. 
Lysine and arginine had already been revealed as being marginal in 
experiment 1052, which had also pointed out threonine as a possible 
limiting amino acid in soybean protein for the baby pig. Under these 
circumstances, however, threonine did not seem to be reduced to any 
significant degree. 
The correction of methionine deficiency, therefore, decreased the 
concentration of histidine, lysine and arginine among the essential 
amino acids. In spite of histidine showing the greatest decrease in 
concentration (55.7 per cent as compared to 15.7 for lysine and 2.8 
per cent for arginine), further supplementation of the MHA-supplemented 
diet with lysine resulted in improved growth rate and increased blood 
plasma concentration for all these amino acids, while other amino acids 
decreased in the following order of per cent decrease: methionine, 26.1; 
leucine, 26.0; threonine, 23.1; isoleucine, 23.0 and valine, 13.8. 
When either threonine or valine was added to the MHA-supplemented 
diet, an improvement in body gain was obtained, along with a decrease in 
the feed required per pound of gain in the case of valine. When valine 
was the supplementing amino acid, blood plasma valine increased very 
markedly (223.9 per cent) while arginine, threonine, isoleucine, 
histidine and leucine decreased. 
Proline was not clearly detected in these chromatograms, probably 
due to both the low proline levels and the overlapping with glutamic 
acid. The apparent absence of proline, however, plus the slight 
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improvement in growth and feed efficiency when the MHA-supplemented 
soybean meal diet is further supplemented with either threonine or 
valine, suggests that the reported resistance of proline and threonine 
or valine peptides (Fischer and Abderhalden, 1902) may be partially re­
sponsible for the inefficient utilization of soybean diets at an early 
age. The supplementation of threonine failed to increase the blood 
plasma threonine levels, as compared to the MHA-supplemented basal, 
while the concentration of leucine, isoleucine, valine and methionine 
decreased. 
It thus appears that the addition of any one amino acid to a diet 
has a definite effect on the utilization of other amino acids by the 
tissues or in the process of absorption, which is apparently reflected 
in the degree that these amino acids are reduced in their blood plasma 
concentration. The study of these changes occurring in blood plasma 
after the addition of amino acids which are deficient in the diet, may 
suggest the most appropriate amino acid to use, when additional amino 
acid supplementation is believed to be of value in further enhancing the 
nutritive value of a given protein source. 
Experiment 984 
Glycine Supplementation of Baby Pig Diets 
Objective 
The study of blood plasma free glycine in experiment 994 indicated 
that regardless of the amount of glycine present in the diet, within 
normal conditions, blood plasma free glycine is maintained at a rather 
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constant level (5.05 + 0.35 mg. per 100 ml.). When large amounts of 
glycine are present in the diet, as was the case in the fish meal and 
meat meal diets in experiment 994, the capacity of the liver and other 
tissues to absorb glycine is apparently saturated and is followed by the 
accumulation of glycine in the blood (Christensen et al., 1948). 
This experiment was designed to study the effects of glycine 
supplementation on growth rate and feed required per pound of gain in 
baby pigs fed dried skim milk diets, which have a very low glycine 
content (0.22 per cent), based on the assumption that if preformed 
glycine was supplied with the diet, glycine synthesis at the expense of 
other amino acids would be decreased, resulting in a sparing effect of 
glycine oh other, possibly essential, amino acids. 
Glycine has been proven to be a semi-essential amino acid for 
poultry (Almquist et al., 1940; Almquist and Mecchi, 1940 and 1942; 
Fisher _et .al., 1955) and under certain conditions, glycine supplementation 
has been suggested to result in increased body gains and feed efficiency 
in growing pigs fed corn-soybean rations (Noland et al., 1959). No infor­
mation could be found in the literature concerning the effects of glycine 
supplementation of baby pig diets on growth rate and feed efficiency. 
This experiment was therefore designed to provide such information. 
Experimental procedure 
Ten crossbred pigs were randomly allotted to two experimental diets 
and individually fed in Unit F. The pigs averaged 8.7 pounds body 
weight and 15 days of age at the initiation of the experimental period. 
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Dried skim milk was the only source of protein used in the formu­
lation of the experimental diet (Table 40) which provided 20 per cent 
protein. This protein source was chosen because of its low glycine 
content (0.20 per cent), in spite of the already excellent results 
obtained with this protein source in baby pig nutrition. Glycine was 
added at the level of 1.25 per cent of the diet and the experiment was 
terminated at the end of a 28-day period. 
Results and discussion 
The individual pig data for total body weight gain and feed required 
per pound of gain are presented in Table 43 and are graphically summa­
rized in Figure 20. The analysis of variance plan and statistical 
treatment of the data are shown in Table 44. 
The pigs on the glycine-supplemented diet gained six per cent 
faster as compared to the controls, although the difference was not 
statistically significant. Feed required per pound of gain increased 
for the glycine-treated pigs. In spite of the lack of statistical 
significance, a trend was noted towards improvement of body gain as a 
result of the glycine supplementation. 
Experiment 984a 
Glycine Supplementation of Baby Pig Diets 
Objective 
This experiment was designed to further study the effects of glycine 
supplementation of dried skim milk diets on baby pig growth rate and feed 
Figure 20. Experiment 984 - Effects of glycine supplementation of dried 
skim milk diets on gains and feed efficiency of baby pigs. 
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efficiency, following a positive trend obtained in experiment 984 indi­
cating a possible stimulating effect of glycine on growth rate. 
Experimental procedure 
Thirty-five crossbred pigs were randomly allotted to five different 
treatments, with three and four pigs per pen in Unit A. The two differ­
ent diets which were used in this experiment are described in Table 40. 
Again a dried skim milk diet was used due to its low glycine content. 
Two additional treatments were included with soybean meal as the protein 
source. The reason for using such a protein source, in spite of its 
high glycine content, was derived from reported improvement in body gain 
and feed efficiency in growing pigs (Noland et al., 1959) by glycine 
supplementation of corn-soybean rations. 
The soybean meal diets were supplemented with 0.05 per cent DL-
methionine (Hays ^ t _al., 1959) and lactose was added to provide the same 
level as that present in the dried skim milk diets. A 20 per cent 
protein level was maintained in all diets. 
The levels of glycine used were 0, 0.25 and 0.50 per cent for the 
dried skim milk treatments and 0 and 0.50 per cent for the soybean meal 
treatments. 
Results and discussion 
Summaries of pig gains and feed required per pound of gain are 
presented in Table 45 and Figure 21. The experimental plan and analysis 
of variance are shown in Table 46. 
Figure 21. Experiment 984a - Effects of glycine supplementation of 
soybean meal and dried skim milk diets on gand and feed 
efficiency of baby pigs. 
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An inhibitory effect of glycine on growth rate was noted for the 
soybean meal-fed pigs along with a statistically significant increase in 
the feed required per pound of gain. This deleterious effect, however, 
did not appear until the third week after the initiation of the experi­
ment and was then so pronounced that during the third and fourth week of 
experiment the animals on the glycine-supplemented soybean meal treatment 
lost an initial advantage that they had acquired during the first and 
second week over the soybean meal controls. 
It is noteworthy, however, that the pigs on the glycine-supplemented 
soybean meal diet experienced an initial burst in growth rate, which 
lasted until the third week. This indicates a possible increase in the 
need for glycine at an early age, up to four or five weeks of age, which 
has been reported as a critical period for the early weaned baby pig fed 
a soybean meal diet. 
Glycine supplementation of the dried skim milk diets resulted in 
improved body gain and feed required per pound of gain, although the 
increases in weight gains and feed conversion values were not statisti­
cally significant. A significant difference (P^ 0.05) in both growth 
rate and feed efficiency was also obtained for the two protein sources, 
which is in agreement with repeatedly reported data (Lewis et al., 1955; 
Peo, 1956). 
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Experiment 1037 
Glycine Supplementation of Dried Skim Milk Diets 
and Effects of Benzoate Additions to the Diets 
Objective 
This experiment was conducted to further study the effects of 
glycine supplementation of baby pig diets in an attempt to define the 
apparent positive response obtained in experiments 984 and 984a towards 
an improved performance, both in body gain and feed required per pound 
of gain, resulting from the addition of glycine to dried skim milk 
rations. Sodium benzoate was included in two of the experimental 
rations to test the ability of the young pig to synthesize enough 
glycine to meet the requirements for both hippuric acid and tissue 
protein synthesis. The presence of sodium benzoate in the diet, with 
a priority for glycine over tissue synthesis, would presumably put the 
animal under excessive stress, which would in turn magnify any possible 
stimulatory effects of the addition of glycine to the diet. 
Experimental procedure 
Fifty-six crossbred pigs, averaging 15 days of age and 9.7 pounds 
body weight were used in this experiment. They were randomly allotted 
to a randomized block design with seven treatments in Unit D. The 
composition of the 20 per cent protein, dried skim milk basal used is 
described in Table 40. Twenty per cent yellow corn was added to the 
ration to improve the texture and facilitate the flow of the feed in the 
feeders. 
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Glycine was added at the following levels: 0, 0.125, 0.25, 0.50 and 
1.00 per cent. Sodium benzoate was added at a level of 2.5 per cent, 
both,alone and with 1.3 per cent added glycine. This amount of glycine 
was found to be required, on a molecular basis, for the exact detoxi­
fication of benzoate through the synthesis of hippuric acid. 
The level of sodium benzoate was arrived at after the reports of 
Griffith (1930) for the rat and Csonka (1924) for the growing pig. 
According to Griffith (1930), 2.5 per cent sodium benzoate in a casein-
yeast diet will still permit growth in the rat, but when this critical 
level is increased to 3.00 per cent, impaired growth and occasional 
deaths result. Csonka (1924) fed increasing doses of sodium benzoate 
to an eight week old pig and found that while 16 g. of benzoate were 
without effect, when the daily dose was increased to 24 g. per pig, 
toxic signs resulted. Considering daily feed consumption in the young 
pig (two to six weeks old) and the slightly younger age of the animals 
used in this experiment than that reported by Csonka, a level of 2.5 per 
cent was decided as the initial dose. 
Since the high doses of glycine used in some of the treatments 
might have resulted in an increased performance, due to an increased 
protein level, all diets were made isonitrogenous by the addition of 
ammonium citrate. However, such a slight change in the per cent of 
protein, at this age and protein level, is believed to have no signifi­
cant effect, if any, according to Peo (1956). 
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Results and discussion 
Total pig gains and feed required per pound of gain are summarized 
in Table 47 and graphically presented in Figure 22. The experimental 
plan and analysis of variance are presented in Table 48. 
No statistically significant differences were found among any of 
the treatments of this experiment. The addition of 2.5 per cent sodium 
benzoate did not result in any deleterious effect on pig growth and 
performance, even when fed with no additional glycine. This indicates 
that the pig can easily synthesize, when fed a 20 per cent dried skim 
milk diet, a minimum amount of glycine corresponding to 1.3 per cent 
glycine in the diet. 
Although this experiment seemed to conclusively prove that glycine 
supplementation to pig diets was without any stimulatory effect on 
growth or feed efficiency, feed consumption was handicapped, due to the 
fact that the excessive fineness of the diet resulted in severe caking 
in the feeder, with the subsequent obstruction of the feed flow. There­
fore, the pigs in this experiment were practically on a limited feeding 
basis, as can easily be observed from the unusually low weight gains 
obtained with this type of diet. 
Figure 22. Experiment 1037 - Effects of glycine supplementation and sodium benzoate additions to 
dried skim milk diets on gain and feed efficiency of baby pigs. 
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Experiment 1110 
A Further Study on the Effect of Glycine Supplementation • 
on Growth Rate and Feed Efficiency in Baby Pigs 
Objective 
The purpose of this experiment was to give a further check on the 
effect of glycine supplementation on baby pig rations. Similar 
conditions were involved in this experiment as in experiment 1037, 
except that care was taken to see that'the experimental animals were 
full fed all the time in order to obtain a maximum rate of body gain. 
Experimental procedure 
Forty-eight pigs were assigned by outcome groups of weight within 
litter to a randomized block design with three experimental treatments 
in Unit H. The pigs initially averaged 12.4 pounds body weight and 15.6 
days of age. 
An 18 per cent protein, dried skim milk diet was used in this 
experiment, the composition of which is shown in Table 40. Twenty-five 
per cent ground yellow corn was included in this diet to improve the 
texture of the diet and facilitate the feed flow in the self-feeders. As 
a further safety measure for good feed consumption, two self-feeders were 
provided per pen, to insure a constant access of the experimental animals 
to the diets. 
The levels of glycine added to the basal diet were 0, 0.25 and 0.50 
per cent, and all diets were made isonitrogenous by addition of ammonium 
citrate. A reduced protein level was used in this experiment, as 
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compared to experiment 1037, to further emphasize the deficiency of gly­
cine in this diet. 
Results and discussion 
Summaries of the average total gains and feed required per pound of 
gain are presented in Table 49 and Figure 23. The experimental plan and 
analysis of variance are shown in Table 50. 
The overall performance of the pigs in this experiment was very 
good, once the feeding problem was resolved. No statistically signifi­
cant differences were obtained in this experiment, either in body gains 
or in feed required per pound of gain. 
Experiment 1093 
Amino Acid Supplementation Studies of Baby Pig Diets 
Objective 
When comparing the blood plasma amino acid pattern obtained in 
experiment 994, it was observed that the greatest discrepancy between 
the dried skim milk and the soybean meal diets corresponded to the amino 
acids methionine, leucine, tyrosine and phenylalanine. This experiment 
was designed, therefore, to study the effects of these amino acids on 
growth rate, feed efficiency and blood plasma free amino acids, based on 
the assumption that if the low points in the blood aminograms of the 
pigs fed the soybean meal diet could be brought up to the level found in 
the dried skim milk-fed pigs, by means of additional amino acid supple­
mentation, growth might be stimulated comparably. 
Figure 23. Experiment 1110 - Effects of glycine supplementation of 
dried skim milk diets on gain and feed efficiency of baby 
pigs. 
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Experimental procedure 
Thirty-six crossbred pigs initially averaging 11.6 pounds body 
weight and 18.2 days of age, were individually fed the six experimental 
rations for a period of 28 days in Unit E. 
The basal ration described in Table 26 was formulated to contain 
soybean meal as the only protein source. The amino acids and levels 
used were: 0.19 per cent DL-methionine, 0.94 per cent DL-leucine and 
• 
0.27 per cent L-tyrosine in combination with 0.12 per cent DL-
phenylalanine. Tyrosine was added because of a shortage of phenyl­
alanine. If a response was to be obtained from the supplementation of 
phenylalanine, it was thought that it would still be appreciable with 
0.12 per cent added phenylalanine, while the presence of tyrosine would 
cut down on the possible loss of phenylalanine as such due to conversion 
to tyrosine, as has been shown to occur very readily (Hier, 1947). 
A dried skim milk ration was included in the experiment to serve 
as a positive control. All diets were made isonitrogenous with ammonium 
citrate, and the levels of potassium in the soybean meal rations brought 
up to the concentration present in the dried skim milk control by means 
of potassium chloride. 
Blood samples for amino acid determination were collected at the 
beginning and end of the experimental period without any previous 
fasting. 
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Results and discussion 
The summary of the data for individual total body gain and feed 
required per pound of gain are presented in Table 32 and illustrated 
graphically in Figure 24. Blood plasma amino acid'concentrations are 
presented in Table 33 and the experimental plan and analysis of variance 
are shown in Table 34. 
No statistically significant differences were obtained in either 
total gains or feed efficiency, which could be attributed to the ration 
treatments. A 11.5 per cent improvement in gain and a 5.6 per cent 
improvement in feed required per pound of gain resulted from the addition 
of methionine to the basal, confirming previous reports by Hays _et al. 
(1959). Further supplementation with leucine reduced the improvement 
that had been obtained with methionine alone, affecting feed efficiency 
in a similar manner. The same results were obtained with the supple­
mentation of the methionine-supplemented basal with tyrosine and 
phenylalanine. When all three amino acids were added simultaneously, 
however, both body gains and feed efficiency were brought back to the 
same order of magnitude as found in the methionine-supplemented basal. 
The positive dried skim milk control gave a rather poor comparative 
performance when compared to the soybean meal rations. Although not in 
itself poor, the performance on the dried skim milk was shadowed by the 
exceptionally, good gains and feed conversion values obtained with the 
soybean meal rations, basal included. No reasonable explanation can be 
advanced to explain the poor growth response of the dried skim milk-fed 
pigs, other than that the quality of the soybean meal used (solvent 
Figure 24. Experiment 1093 - Effects of supplementation of soybean meal 
diets with methionine, leucine and tyrosine-phenylalanine on 
gains and feed efficiency of baby pigs. 
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processed) may possibly have been very high, thus explaining the out-
standing performance of the pigs fed such a diet. This might also 
explain the lack of significance in the response of methionine supple­
mentation, as has been previously reported (Hays et al., 1959; Acker 
et al., 1959). 
Blood plasma tyrosine-phenylalanine values were found to be higher 
in both treatments including these amino acids in the diet, followed by 
the methionine-supplemented diet. Lysine was lowest in the basal and 
highest in the SBM - tyrosine-phenylalanine diet. A higher blood plasma 
content of tyrosine-phenylalanine, lysine and. histidine was found in the 
dried skim milk positive control group. The arginine level was lower in 
the dried skim milk-fed group, a reflection of its known low but ap­
parently adequate content (Hays et al., 1959). 
The supplementation of the soybean meal basal with methionine was 
not followed by a decrease in the lysine content of the blood plasma, as 
was expected from the results of experiment 1052 and later on confirmed 
in experiment 1116. Since both lysine and threonine appear to be 
marginal in a methionine-supplemented soybean meal diet, it was concluded 
that under the conditions encountered in this experiment threonine was 
probably the first limiting amino acid, once the deficiency of methionine 
was corrected. 
The concentration of all amino acids determined at the end of the 
experiment was higher than their initial values. This was expected in 
agreement with the results of experiment 1015. 
138 
Experiment 1120 
Amino Acid Supplementation of Soybean Meal Diets for Baby Pigs 
Objective 
The purpose of this experiment was to study the effects of 
methionine, threonine, valine and isoleucine supplementation of soybean 
meal on growth rate and feed efficiency of baby pigs. Isoleucine was 
included in this experiment because of the low concentration of this 
amino acid found in the blood plasma on the soybean meal-fed pigs in 
experiment 994, as compared to that of the "standard" dried skim milk-
fed pigs. Threonine and valine were chosen to further study the trend 
observed in experiment 1116 towards an improvement of body gain and 
feed required per pound of gain. Methionine was again used alone as a 
positive control, and in fortifying the soybean meal basal in all other 
treatments except in the unsupplemented basal which acted as a negative 
control. 
Experimental procedure 
Thirty-six pigs initially averaging 10.2 pounds body weight and 14 
•days of age were allotted to a randomized block design and individually 
fed to test six different treatment rations. The basal ration shown in 
Table 26 was formulated to have soybean meal as the only protein source. 
Lactose was again added in the proportion provided by a comparable dried 
skim milk diet, to reduce to a minimum any carbohydrate effect. 
Potassium was added to all experimental diets«except one, to bring its 
level up to that provided by a comparable dried skim milk diet. The one 
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diet unsupplemented with potassium was introduced to study the possible 
effect of potassium addition on growth and feed efficiency as reported 
by Hannan (1959). The excellent growth performance obtained in experi­
ments 1093 and 1116, even in their respective basal groups, suggested 
that perhaps the outstanding performance -was due to the supplementation 
of the diets' with potassium, which had not been practiced in previous 
experiments. This extra treatment was therefore included to test this 
point. 
The levels of DL-threonine, DL-valine and DL-isoleucine used were 
respectively 0.32, 0.38 and 0.23 per cent. Methionine-hydroxy-analogue 
was again used in this experiment in place of DL-methionine, but in order 
to overcome any palatability problems as encountered in experiment 1116, 
its level was reduced to 0.10 per cent. 
Results and discussion 
The summary of total gains and feed required per pound of gain are 
presented in Table 38 and graphically summarized in Figure 25. The 
experimental plan and analysis of variance are shown in Table 39. 
A significant improvement (P ^  0.05) in body weight gain was 
obtained with the addition of 0.10 per cent methionine-hydroxy-analogue 
(MHA). Although not significantly, feed efficiency was also improved 
by the supplementation of MHA. Apparently the 0.09 per cent reduction 
in the level of MHA used in experiment 1116 overcame the palatability 
problem, bringing feed consumption back to normal. The further addition 
of threonine to the methionine-supplemented treatment resulted in a 
further increase in body gain and reduced the feed required per pound of 
Figure 25. Experiment 1120 - Effects of supplementation of soybean meal 
diets with methionine (MHA), threonine, valine and isoleucine 
on gains and feed efficiency of baby pigs. 
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gain. The addition of valine resulted in a considérable improvement in 
the feed efficiency, although it did not reach statistical significance. 
On the other hand, when isoleucine was added to the methionine-
supplemented diet, it inhibited the stimulatory effect of MHA and 
decreased body gains to a similar value as the basal. 
Potassium supplementation of the basal resulted in no significant 
effect upon either body gain or feed efficiency. 
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GENERAL DISCUSSION 
The blood plasma aminograms obtained in experiment 994, in which 
five different sources of protein were studied, presented evidence that 
although in the over-all picture blood plasma free amino acids are a 
reflection of the amino acid composition of the diet, a very strict 
correlation between any one amino acid in the diet and its blood plasma 
concentration cannot be established in the young growing pig. 
This is more particularly so when non-essential amino acids are 
involved, since the ability of the animal to synthesize these amino 
acids will result in the correction of a marginal deficiency for these 
amino acids in the diet. A most typical example is to be found in 
experiment 994 in the comparison of dietary glycine and the levels found 
for this amino acid in the blood plasma of the different experimental 
groups. While the glycine content of the dried skim milk, soybean meal 
and cottonseed meal diets was greatly different, 0.22, 1.03 and 1.35 per 
cent respectively, the corresponding blood plasma free glycine had 
apparently been corrected by synthesis, as blood levels for this amino 
acid were respectively 4.62, 5:40 and 5.14 mg. per 100 ml. of plasma. 
The ability of the young pig to synthesize glycine in amounts large 
enough to meet his requirements had already been reported (Csonka, 1924). 
Thus it was to be expected that the young pig would compensate the 
deficiency in the diet of an easily synthesized amino acid. However, 
when the presence of glycine in the diet was unusually high, as was the 
case in the other two sources of protein studied, fish meal and meat 
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meal, both known to be high in glycine and providing a dietary level of 
1.35 and 2.09 per cent respectively, abnormally high glycine levels were 
found in the blood plasma of the pigs receiving these diets (12.32 and 
12.84 mg. per 100 ml. respectively). This indicates that the ability of 
the tissue cells to absorb or store glycine had been saturated, and the 
continued excessive income of glycine resulted in a very high blood 
plasma concentration, in agreement with the reports of Christensen _et al. 
(1948). These, exceedingly high glycine levels may have contributed to 
the poorer performance obtained with these diets. Possibly this effect 
is merging on the toxic side, as is known to be the case in the feeding • 
of large amounts of glycine to the chick. The toxicity of high levels 
of lysine for the chick has also been recently reported (Jones, 1961). 
Except for the amino acids present in blood plasma in exceedingly 
low or high levels, due to dietary extremes, the concentration of most 
amino acids in the blood plasma of the animals studied was of the same 
order of magnitude as those reported for swine (Ritchey and Anderson, 
1959), dog (Longenecker and Hause, 1959), human (Stein and Moore, 1954), 
chicken (Charkey et al., 1950 and 1953) and turkey (Tonkinson et al., 
1961). However, there are certain characteristic species differences, 
such as the reported absence of glutamic acid in the dog (Hier and 
Bergeim, 1946) and of both glutamic and aspartic acid in the human 
(Stein and Moore, 1954). 
Several features can be distinguished from the comparison of the 
five different plasma aminograms from experiment 994. All aminograms 
seem to reflect well the deficiencies and excesses of amino acids in the 
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respective diets, such as the deficiency of methionine in soybean meal 
and lysine in cottonseed meal. Furthermore, these deficient amino acids 
appear in the blood plasma aminograms as points breaking the resemblance 
of the graph with that obtained from the dried skim milk-fed pigs, which 
grew at a faster rate and provided a blood plasma aminogram considered 
as a more desirable "standard" for maximum rate of growth in baby pigs. 
Other amino acids, besides those known as most limiting in each one 
of the diets, showed similar points of discrepancy, which have been 
interpreted as a reflection of unknown amino acid deficiencies in the 
diet or, in other words, reflection of the poor availability of these 
amino acids. Further suggestive evidence was obtained from the 
observation that the less the resemblance of the blood aminograms to that 
of dried skim milk-fed pigs, a reflection of the highly asymmetrical 
amino acid mixture available to the animal, the poorer the growth 
response obtained. 
It seemed logical that if the adequate amino acid supplementation 
of the deficient diets could be found, resulting in a blood plasma 
aminogram closer to that of dried skim milk, it would produce a similar 
growth response as well. 
Supplementation of soybean meal diets with methionine in experiment 
1052 resulted in increased blood plasma methionine, bringing the blood 
plasma aminogram one point closer to that of the dried skim milk-fed 
pigs. Although no growth data were obtained in this experiment, due to 
the short duration of the experimental periods, methionine supplementation 
identical to that of experiment 1052 resulted in increased growth 
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response in both experiments 1093 and 1120, in agreement with already 
published reports (Hays et al., 1959). 
However, when leucine, isoleucine and phenylalanine, which were also 
found to be low in the blood plasma of the soybean meal-fed pigs as 
compared to the dried skim milk group, were added to the methionine-
supplemented soybean meal diet no increase was observed in the blood 
plasma concentration of these amino acids. This apparent lack of 
response, however, is in agreement with the reported failure of leucine 
(Bang, 1916) and phenylalanine (Shambaugh et al., 1931) to result in 
increased blood plasma levels, although positive results have been 
reported for leucine by Hier (1947). 
All three amino acids, leucine, isoleucine and phenylalanine, 
failed to produce a further improvement in growth rate or feed con­
version when added to soybean meal diets already supplemented with 
methionine in experiments 1093 and 1120. 
The lack of a growth response to the addition of these amino acids 
to the methionine-supplemented diet can be partially explained by 
studying the effects of methionine supplementation on amino acid ab­
sorption or utilization (Experiment 1052). All other essential amino 
acids, including leucine, isoleucine and phenylalanine increased when 
methionine was added to the unsupplemented soybean meal, except for 
threonine, lysine and arginine. According to Hill (1961), these latter 
amino acids would become limiting in such a diet, while the availability 
of leucine, isoleucine and phenylalanine would appear to have been 
increased. It is thus evident that the amino acid deficiencies of a 
& 
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given protein cannot be estimated simultaneously, when blood data is 
used as the criterion, since the addition of the most critically 
deficient amino acid will change the absorption and utilization picture 
for the respective protein used. 
Four experiments (984, 984a, 1037 and 1110) have been conducted to 
study the possibility of further improving the performance of dried skim 
milk-fed pigs by means of glycine supplementation. The blood data 
obtained in experiment 994 indicate that the pig facing a lack of 
glycine in the diet will respond by synthesizing enough glycine, 
undoubtedly at the expense of other amino acids, to maintain a blood 
plasma glycine level adequate for optimum tissue synthesis. 
Therefore, the addition of supplementary glycine to dried skim milk 
diets could conceivably result in a stimulation of growth as has been the 
case in the chick (Almquist and Mecchi, 1940; Fisher et al., 1955), 
through a sparing effect on the essential amino acids that might be 
involved in providing nitrogen for the synthesis of glycine. Experiment 
984 was designed as a pilot trial to investigate this theory. The 
supplementation of glycine produced an improvement in the rate of body 
gain and although it was not statistically significant, it was a 
positive trend which instigated further research. 
A similar response was obtained in experiment 984a, in which 35 pigs 
were allotted to three levels of glycine (0, 0.25 and 0.50 per cent) with 
dried skim milk as the basal protein and to two levels of glycine (0 and 
0.50 per cent) with soybean meal as the protein source. Again, a linear 
increase in growth response was obtained with increased glycine levels 
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in the dried skim.milk diets, but again they were not statistically 
significant. 
The addition of glycine to the soybean meal diet resulted in an 
unexpected depression of-^growth. This growth inhibition, however, was 
not noticed until the third week on experiment and it was then so pro­
nounced that the glycine-supplemented pigs lost an initial apparent 
stimulation of growth. It was concluded that while high levels of gly­
cine might be beneficial in the very early stages of growth, up to the 
fourth or fifth week of age for the pig fed on soybean meal diets, in 
pigs beyond that age it adversely affects their performance. It might 
well be that this growth depressing effect is comparable to that obtained 
in experiment 994 for the fish meal and meat meal diets, which had one 
point in common with the glycine-supplemented soybean meal, an excess of 
glycine (1.35 and 2.09 per cent respectively for the fish meal and meat 
meal diets versus 1.53 per cent for glycine-supplemented soybean meal). 
It would have been desirable to determine blood plasma free glycine in 
these pigs, in order to confirm the suspected presence of high blood 
plasma free glycine. 
It is surprising, however, to observe how glycine levels which 
would apparently cause growth depression in most diets are not only 
harmless but possibly beneficial in dried skim milk diets. In experi­
ment 984, the total glycine in the diet was 1.47 per cent and a slight 
growth improvement was obtained. The high degree of amino acid availa­
bility in dried skim milk proteins may explain why levels of glycine 
which are deleterious in other diets are completely harmless in dried 
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skim milk rations. The correction of amino acid imbalances by means of 
increased levels of other amino acids has been repeatedly reported 
(Richardson et al., 1953b; Gessert and Phillips, 1956). 
Two more experiments, 1037 and 1110, were conducted to define the 
possible effect of glycine supplementation on both body gain and feed 
conversion. Fifty-six pigs were used in experiment 1037 with five 
levels of glycine (0, 0.125, 0.25, 0.50 and 1.00 per cent) and 48 pigs 
with three levels of glycine (0, 0.25 and 0.50 per cent) in experiment 
1110. 
Two treatments, including added sodium benzoate, were included in 
experiment 1037 to put a stress on the synthesis of glycine by the pig 
facing both the detoxification of benzoate and an active rate of growth. 
Sodium benzoate was provided in doses which have been reported as almost 
overwhelming the capacity for hippuric synthesis in the rat (Griffith, 
1930) and depressing the growth rate in animals fed a glycine deficient 
diet. 
No differences were found for either body gain or feed efficiency 
among any of the treatments in either experiment 1037 or 1110. The 
addition of 2.5 per cent sodium benzoate went apparently unnoticed by 
the pigs receiving it, which grew at an equal rate to those on the other 
treatments. This indicates that the young growing pig, when fed a 20 
per cent protein dried skim milk diet, can synthesize a minimum amount 
of glycine equivalent to that required for the detoxification of the 
administered benzoate (1.30 per cent glycine in the diet), plus the gly­
cine required in the normal process of growth. 
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When the soybean meal diet in experiment 1052 was supplemented with 
methionine, blood plasma free methionine increased. However, the concen­
tration of all other amino acids was not affected in the same manner. 
While the level of most amino acids increased, the concentration of 
threonine and lysine decreased. Effects of amino acid feeding on the 
blood plasma concentration of other amino acids has already been 
reported (Johnston and Lewis, 1928; Hier, 1947). 
It has been theorized that when the low plasma level of a deficient 
amino acid is corrected, protein synthesis will continue until the 
second limiting amino acid will limit further synthesis, which will 
occur with a simultaneous decrease in the plasma free concentration for 
this amino acid (Hill, 1961). The effect of amino acid supplementation 
on the presence of other amino acids in blood plasma presents a further 
complication in the evaluation and correction of amino acid deficiencies. 
Amino acids which appear to be equally responsible for lack of growth or 
nitrogen retention under one particular set of conditions may not be the 
same amino acids involved when the first limiting amino acid is corrected 
and tissue synthesis allowed to continue, as has been observed in experi­
ment 1116. 
The addition of methionine to the soybean meal diet in experiment 
1052 was followed by a higher concentration for most amino acids, a fact 
which in experiment 994 appeared to be related to fast rates of body 
gain. The concentration of threonine and lysine, however, decreased 
while arginine and valine remained at about the same level. 
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According to the theory advanced by Hill (1961), threonine or 
lysine would be the second limiting amino acid in soybean meal once the 
deficiency for the first limiting (methionine) was corrected. These 
findings are well in agreement with the amino acid composition of a 
soybean meal diet (20 per cent protein) as the source of all essential 
amino acids for the young pig. 
The comparison of the amino acid composition of soybean meal with 
the requirements of the young pig (Hays, 1957) shows threonine and 
lysine to be theoretically the second and possibly third limiting amino 
acids in soybean meal protein for the young pig. Both arginine and 
valine, however, have been found to be next lower amino acids in blood 
plasma, while they are abundantly found in soybean meal. This indicates 
that poor availability of these amino acids in soybean protein may be 
the cause of such a low blood plasma concentration. 
Threonine, lysine and valine supplementation were studied indi­
vidually, along with an unsupplemented and a methionine-supplemented 
soybean meal diet to act as negative and positive controls respectively, 
in experiments 1116 and 1120. All amino acid additions were made to 
MHA-supplemented soybean meal diets. Arginine was not included in these 
experiments since arginine additions, with and without methionine, to 
soybean meal rations for the baby pig have been proven unsuccessful 
(Hays et al., 1959). Methionine-hydroxy-analogue (MHA) was used as the 
source of methionine, at the same level (0.19 per cent) as had been 
previously used for DL-methionine. 
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A surprising reduction in growth rate followed the addition of MHA 
in experiment 1116 which was explained either through a possible unpala-
tability effect, due to the presence of MHA in excessive amounts which 
resulted in decreased feed consumption, or a possible toxic effect of MHA 
at the concentration used, the latter of which is unlikely at this low 
level. 
In spite of the poor growth response, however, feed required per 
pound of gain decreased and blood plasma free amino acids followed the 
expected trend. Blood plasma methionine increased, while lysine and 
arginine decreased, along with an unexpected decrease in the concentration 
of histidine. Both valine and threonine increased very slightly, indi­
cating that under the particular set of conditions imposed by the 
restricted food intake, a lysine deficiency, alone or in combination 
with an arginine deficiency, had been more rapidly established than the 
expected threonine deficiency, according to the results of experiment 
1052. 
The addition of lysine to the MHA-supplemented diet corrected the 
apparent lysine deficiency in the blood plasma, and, quite unexpectedly, 
the concentration of histidine and arginine increased simultaneously. 
A growth stimulation also followed the addition of lysine, apparently 
inhibiting the deleterious effect of MHA upon growth rate. It is very 
unlikely that the increase in growth rate due to the addition of lysine 
can be explained as lysine inhibiting any unpalatable effect of MHA. 
From these data, it seems evident that the growth depression obtained 
was more likely due to toxic effects of an excessive level of MHA. The 
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correction of methionine toxicity by increasing the level of lysine in 
the diet has been previously reported (Gessert and Phillips, 1956). 
As was to be expected, the concentration of threonine and valine 
decreased and other essential amino acids began showing a downward 
trend. The per cent decrease of leucine was greater than that of 
threonine and valine, which may indicate that under these circumstances 
leucine supplementation could be more beneficial than threonine. 
Supplementation with threonine in combination with methionine (MHA) 
resulted in a considerable increase in body weight gain over the 
controls, as well as improved feed efficiency. However, these differ­
ences were not statistically significant. 
Supplementation with threonine, on the other hand, failed to 
increase blood plasma threonine, and although the concentration found 
was still lower than that of the MHA supplemented control, the differ­
ence was practically negligible (4.4 per cent). This improved growth 
rate occurred simultaneously with a decrease in the concentration of 
other essential amino acids (leucine, isoleucine and valine). Once more 
leucine seemed to be the limiting amino acid in a methionine-threonine-
supplemented soybean meal diet for the baby pig. 
The addition of valine to the methionine-supplemented diet resulted 
in a slight but further improvement in body weight gain and feed required 
per pound of gain, as compared to the threonine-supplemented group. 
Again, this improvement in growth was simultaneous with a decrease in 
the blood plasma concentration of other amino acids, arginine, threonine, 
isoleucine, histidine and leucine. From these data, the addition of 
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valine to a methionine-supplemented soybean meal diet points out 
arginine and threonine as the amino acids of choice for further supple­
mentation. 
The improvement in both rate of body gain and feed required per 
pound of gain obtained in experiment 1116 were confirmed in experiment 
1120. The improvement in growth rate, however, was not significantly 
different from that obtained with methionine (MHA) supplementation 
alone, once the depressing effect of MHA was eliminated by reducing its 
level in the diet from 0.19 to 0.10 per cent. The feed required per 
pound of gain was again decreased by the addition of both threonine and 
valine to the methione-supplemented soybean meal diet. 
All amino acid determinations in experiments 994, 1093 and 1116 were 
done in blood samples from pigs of seven weeks of age, while those in 
experiment 1052 were conducted at three, four and five weeks of age. The 
concentration of most amino acids in the soybean diets in experiment 1052 
were lower than the corresponding values in experiments 994, 1093 and 
1116, the main difference in the experimental conditions being the age 
of the pigs. 
The pig's ability to digest soya protein has been reported to 
increase with age (studied in two versus five weeks of age) by Hays 
(1957), while the ability to digest milk diets changes only slightly. 
This improvement in digestibility is in agreement with the postulation 
of Lewis et al. (1955) and Catron et al. (1957) that the baby pig below 
five weeks of age has a proteolytic enzyme insufficiency. With this 
fact in mind it was evident that the results obtained with pigs at six ~ 
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or seven weeks of age would not provide the answer to the protein 
utilization problem in the younger pig. 
Experiment 1015 was therefore designed to study any possible age 
effect on the concentration of free amino acids in the blood plasma. 
Ten littermate pigs were individually fed a dried skim milk or soybean 
meal protein diet and their blood plasma free amino acids determined at 
weekly intervals from two to eight weeks of age. 
The blood plasma of most essential amino acids was found to 
increase from two to eight weeks, possibly reaching a plateau at around 
seven or eight weeks of age, while most non-essential amino acids either 
decreased or remained at a constant level. This effect was particularly 
noticeable in the dried skim milk-fed pigs, which resulted in a uniform 
rate of growth and most amino acids changed their concentration in a 
smooth manner as the animal was increasing in age. In the pigs fed soy­
bean meal, however, the increase in the concentration of most essential 
amino acids experienced a sharp change in slope around the fourth or 
fifth week of age (Figure 13). This indicates that around that age there 
is a critical time, which varies from three to six weeks of age for the 
different essential amino acids, in which an abrupt change takes place 
in the ability of the animal to utilize the amino acids present in the 
soybean meal to a greater extent. This change in amino acid pattern 
occurs simultaneously with a sudden improvement in growth rate and feed 
efficiency. 
Certain of the non-essential amino acids, such as glycine and 
glutamic acid, not only failed to decrease in concentration as was the 
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case in the dried skim milk group, but increased slightly. 
Christensen_et _al. (1948) has suggested that glutamic acid may play 
a role in the process by which amino acids are taken up from the blood 
stream and utilized for protein synthesis by the tissues. Considering 
that the actual growth rate of the soybean meal-fed pigs remains low 
until the animal is four to five weeks of age, the increased level of 
glutamic acid confirms the suggestion of Christensen_et _al. (1948) that 
it would be necessary in maximum amounts when the growth rate is at its 
peak. This is in agreement with the data obtained from the dried skim 
milk-fed pigs. The rate of growth for the pigs fed dried skim milk, 
while very high at an early age, decreased considerably as the animals 
grew older until at eight weeks of age it was much lower than that of the 
soybean meal-fed pigs. The growth rate of the pigs fed soybean meal had 
remained very low and practically stationary from two to four weeks of 
age at which time it began to increase and at eight weeks of age it was 
much higher than the corresponding growth rate of the pigs fed the dried 
skim milk diets. 
Glutamic acid, as well as most other non-essential amino acids, is 
found most abundant in the blood plasma of the dried skim milk-fed pigs 
at an early age when growth rate was at a maximum. On the other hand, 
the baby pig weaned onto soybean meal protein does not experience a fast 
rate of body gain until he reaches the age of four or five weeks, and 
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consequently, it should be expected that the organism would try to main­
tain a necessary high level of.these amino acids when the increased 
protein utilization permits a faster rate of growth. 
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In most of the experiments reported herein, blood specimens were 
obtained from the anterior vena cava. It has been repeatedly reported 
that portal blood plasma, although no different from a qualitative 
standpoint from the systemic blood, carries a much higher concentration 
of free amino acids, which represent the products of protein digestion 
and amino acid absorption before they are removed from the blood stream 
by the tissues. It has also been suggested that only portal blood 
should therefore be used in amino acid absorption and nutrition studies, 
since the several factors affecting the free amino acid composition of 
systemic blood plasma (removal of amino acid by the tissues) would 
somewhat invalidate the data obtained with systemic blood samples. 
It was therefore considered necessary to make a study of these 
differences in the young pigs used in these experiments in order to 
assess the validity of the data obtained. Six baby pigs of three weeks 
of age were used in experiment 1109 to obtain information on portal-
systemic blood comparisons and on the release of amino acids from the 
digestive tract. The two protein sources most consistently used 
throughout these experiments (dried skim milk and soybean meal) were 
individually fed and blood samples from the vena porta and the anterior 
vena cava compared. 
No significant quantitative or qualitative differences were 
detected between the blood samples obtained from either the anterior 
vena cava or the portal vein, which is in disagreement with the 
published reports but substantiates the data obtained with caval blood 
samples. 
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This expected disagreement with the data reported can be explained 
on the basis of the extreme experimental conditions used by the 
reporting researchers. . In most of the cases, mature dogs, which had 
been fasted for a long time (24 to 48 hours), and then fed a very high 
protein meal (beef, casein, zein, etc.) were used. To further empha­
size the expected differences, portal blood was compared with systemic 
blood already returning to the heart, exhausted from its amino acid 
supply after being exposed to tissues in an active process of synthesis. 
In the experiment reported herein a 20 per cent protein test meal 
was fed to baby pigs, which had not been subjected to such extreme 
fasting periods. Furthermore, the systemic blood was obtained from the 
anterior vena cava, which carries blood that has only gone through the 
liver and has not been exposed as yet to the remaining tissues of the 
body. In view of these considerations, the similarity of blood amino-
grams, both quantitatively and qualitatively, was not surprising. 
For studies of this type, the necessity of fasting prior to 
sampling has also been discussed. Since an evaluation of the "dynamic" 
blood plasma free amino acid equilibrium maintained by the pig allowed 
food_ad libitum was the primary objective of these experiments, no 
lengthy fasting period was believed to be necessary or desirable. The 
normal digestive physiology of a pig allowed food ad libitum is ac­
complished through short feeding periods separated by short resting 
intervals of usually one or two hours duration, night included, as 
artificial light was provided in all experimental facilities. In view 
of the slow release of food from the stomach into the small intestine, 
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the different rate of release of the amino acids from the food proteins 
(Geiger et _al., 1952) as well as the different rate of absorption of the 
different amino acids (Chase and Lewis, 1934; Doty and Eaton, 1937), it 
was believed that a normal pig under normal feeding conditions would tend 
to have a rather uniform rate of incorporation of amino acids into the 
blood stream, therefore, making previous fasting unnecessary for the 
objectives of these experiments. 
Dried skim milk has been repeatedly reported (Lewis _et al., 1955; 
Peo, 1956 ; Hudman, 1956) as an excellent source of protein for the baby 
pig. No further amino acid supplementation of this protein source would 
likely improve its performance. In experiments 984, 984a, 1037 and 1110 
supplementation with glycine failed to significantly improve gain and 
feed efficiency, although some beneficial trends were noted. Milk 
proteins are known to be low in arginine for the chick. However, 
attempts to improve performance of dried skim milk-fed pigs by arginine 
supplementation have also been unsuccessful (Hays et al., 1959). On the 
other hand, soybean protein is apparently an excellent source of 
arginine, based on chemical analysis, and confirmed by the reported 
absence of growth response when arginine-supplemented soybean meal was 
fed to young pigs (Hays et al., 1959). In spite of all this evidence, 
arginine was suspected of having a rather poor availability in soybean 
meal rations in experiments 1052 and 1116 and in valine-methionine-
supplemented soybean meal diets, arginine seems to be indicated as the 
possibly next limiting amino acid. 
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Further evidence on the apparently poor availability of arginine in 
soybean meal was obtained in experiment 1109. When the per cent recovery 
of free arginine from the small intestine of pigs fed soybean meal diets 
was compared with the respective dried skim milk diets, a much lower 
recovery was evident in the soybean meal-fed pigs. It is obvious that 
this abundance of free arginine in the small intestine of the dried skim 
milk-fed pigs or the low concentration of the same amino acid in the 
intestine of the soybean meal-fed pigs, is very suggestive of a poor 
availability of this amino acid in this latter source of protein. 
The high biological quality of dried skim milk for the baby pig, as 
well as the assumed high amino acid availability in this protein source, 
as observed in the blood data of all reported experiments, is again 
reflected in the total per cent recovery of free amino acids from the 
small intestine of pigs fed on this protein source. The recovery was 
higher for all amino acids and in all intestinal sections than the 
corresponding recovery for the soybean meal-fed pigs. 
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SUMMARY 
Eleven experiments involving 311 pigs were conducted to study the 
interrelationships between the amino acid composition of the diets and 
the blood plasma free amino acid concentration of the pigs consuming 
these diets. 
Blood plasma amino acids have been found in most of the experiments 
reported to be closely correlated in the over-all picture with the amino 
acid composition of the diet. Most amino acids known to nutritionists 
as "essential", plus some other amino acids, have been found to follow, 
when fed under the same set of conditions, the concentrations present in 
the diet. 
The amino acids included under the term of "non-essential," however, 
exhibited blood levels quite independent from their dietary concen­
trations. In most instances, the processes of synthesis occurring in 
the organism leveled off any deficiencies of these amino acids in the 
diet. In most cases, the concentration found in the blood plasma for 
each one of these non-essential amino acids has been regarded as the 
optimum level for the particular set of conditions prevailing. 
Dietary deficiencies of "essential" amino acids have been found to 
be very dramatically reflected in the blood plasma. These findings 
indicate that blood plasma amino acid studies might provide the basis 
for a protein evaluation methodology which would take into consider­
ation all factors determining the so-called "availability" of the amino 
acids present in the various proteins. 
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Age has been found to be an important factor to consider in the 
amino acid nutrition of the baby pig, especially when the proteins 
providing these amino acids are not milk proteins. The concentration of 
most amino acids in the blood plasma of young swine has been found to 
change with increasing age. With respect to this metabolic character­
istic, most amino acids can be divided into two large groups : those 
which increase their concentration in blood plasma as the animal grows 
older, and those that experience a reverse trend. 
When fed a diet having as the only nitrogen carrier the most 
readily available and growth supporting protein source known for the 
young of this species (milk proteins), in order to minimize any factors 
affecting amino acid absorption and utilization, the baby pig has been 
found to include, as the amino acids increasing in concentration in the 
blood plasma with increasing age, the following: taurine, threonine, 
citrulline, proline, valine, isoleucine, leucine, tyrosine, phenyl­
alanine, ornithine, lysine, histidine and arginine. The amino acids 
which decrease in concentration as the animal grows older include serine, 
glutamic acid, glycine, alanine, cystine and methionine. 
The close examination of the amino acids involved in either one of 
the cases reveals that, except for taurine, citrulline, ornithine and 
proline, all amino acids included in the first category are known as 
essential amino acids. Proline has been recently incorporated into this 
last category for the chick, and these data seem to indicate that a 
similar character should perhaps be given to this amino acid in swine 
nutrition. 
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The presence of methionine and cystine in the group of amino acids 
decreasing in blood plasma concentration with age can be explained in 
the sense that when the pigs are subjected to a very fast rate of growth, 
the amounts of sulfur-containing amino acids present in a dried skim milk 
diet may enter into a marginal or deficient condition. 
The effects of age on amino acid utilization by swine should also 
be considered from the standpoint of probable enzyme insufficiency at 
an early age. The long known inability of the young pig below five 
weeks of age has been shown in one experiment to be reflected by 
considerably lowered blood plasma amino acid concentrations. 
The levels of most amino acids in the blood plasma of baby pigs 
were found to very markedly increase to normal values when that 
critical age period is over. This exaggerated difference between 
blood plasma free amino acid levels, before and after the fourth or 
fifth week of age, has been interpreted as a reflection of the inability 
of the young pig to fully digest the plant proteins provided by the 
diet, in comparison to the maximum digestibility of milk proteins 
achieved at the same age period. 
That dietary deficiencies of amino acids can be corrected by 
supplementation with pure crystalline amino acids has been demonstrated 
in five experiments through the increased blood plasma concentrations 
of the deficient amino acids from sometimes undetectable quantities to 
normal values. 
These supplementation studies have not only confirmed the adequacy 
of correcting apparent amino acid deficiencies with supplemental amino 
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acids but have also revealed other less visible deficiencies. These less 
characterized deficiencies would be those determined by low availabilities 
of amino acids present in the protein in large quantities, and therefore 
assumed to be adequately represented, as might be the case for proline, 
threonine and valine according to the data obtained from four experi­
ments and also arginine as suggested by three experiments. 
The data obtained from the experiments reported herein indicate 
that, based on blood plasma levels, no more than one amino acid de­
ficiency should be considered at the same time for supplementation 
purposes, since the addition of any one amino acid, particularly those 
added correcting deficiencies, has been found to result in profound 
changes in the pattern of free amino acids in the blood plasma, thus 
reflecting a change either in the absorption of the amino acids at the 
intestinal level or in the utilization of these amino acids by the 
different tissues. The readjustment of the different amino acids 
present in the blood plasma after the correction of any one amino acid 
deficiency may well point out the next amino acid seriously limiting 
protein synthesis and growth rate. 
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Table 2. Summary of amino acid recoveries 
Average Per cent recovery 
Amino acid per cent recovery No. standards- range 
Taurine 96.0 
Aspartic acid 98.0 
Threonine 101.8 
Serine 103.1 
Glutamic acid 91.4 
Citrulline 100.0 
Prolipe 80.4 
Glycine 90.3 
Alanine 103.0 
Cystine 80.2 
Valine 100.0 
Methionine 95.2 
Leucine 96.5 
Tyrosine 98.4 
Phenylalanine 91.3 
Lysine 91.0 
Histidine 100.0 
Arginine 71.4 
9 73.2 - 110.0 
3 91.0 - 102.7 
6 93.3 - 109.9 
4 99.0 - 107.0 
2 91.0 - 91.7 
1 
4 68.0 - 89.7 
4 82.2 - 102.7 
6 89.9 - 122.0 
1 
3 93.0 - 107.1 
2 92.6 - 97.7 
3 93.5 - 101.0 
2 97.8 - 99.0 
1 
2 89.0 - 93.0 
2 80.6 - 119.5 
1 
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Table 3. Experiment 994 - Composition of experimental diets 
Foodstuff or ingredient SBM DSM FM MM CSM 
Ground yellow corn (8.3% protein)3 25.0 25.0 25.0 25.0 25.0 ' 
Corn starch 5.9 11.4 15.7 17.8 
- -
Soybean meal (50.4% protein) 35.6 
Dried skim milk (31.2% protein) -  - 57.4 
Fish meal (57.2% protein) 
--
- -
31.3 — — -
Meat meal (61.2% protein) 29.2 -  -
Cottonseed meal (41.0% protein) 43.7 
Lactose 25.0 -  - 25.0 25.0 25.0 
Stabilized lard 2.0 2.0 2.0 2.0 2.0 
Vitamin premixb 0.3 0.3 0.3 0.3 0.3 
Calcium carbonate 1.5 1.2 - - — 2.4 
Dicalcium phosphate 4.0 2.0 —  —  - - 2.8 
Iodized salt 0.5 0.5 0.5 0.5 0.5 
Trace mineral premix (35-C-41)c 0.2 0.2 0.2 0.2 0.2 
Total 100.0 100.0 100.0 100.0 100.0 
aProtein per cents in parenthesis are by analysis. 
^Composition given in table 6. 
^Composition given in table 5. 
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Table 4. Experiment 994 - Calculated analysis of the complete experi­
mental diets 
Constituent SBM DSM FM MM CSM 
Protein 7= 20.00 20.00 20.00 20.00 20.00 
Fat 7= 3.30 3.30 5.30 5.60 . 4.70 
Fiber 7. 1.60 0.60 0.90 1.30 6.30 
Calcium % 1.69 1.71 1.61 1.76 1.71 
Phosphorus % 0.99 0.99 1.00 1.09 1,00 
Vitamins: 
Vitamin A I.U./lb. 3250 3250 3250 3250 3250 
Vitamin Dg I.U./lb. 1000 1000 1000 1000 1000 
Riboflavin mg./lb. 5.00 5.30 5.00 5.00 5.00 
Pantothenic acid mg./lb. 10.00 10.00 10.00 10.00 10.00 
Niacin mg./lb. 30.00 30.00 30.00 30.00 30.00 
Choline mg./lb. 513.00 450.00 520.00 450.00 574.00 
Vitamin B^g meg./lb. 20.00 20.00 31.00 20.00 20.00 
Folic acid mg./lb. 0.50 0.50 0.50 0.50 0.50 
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Table 5. Composition of the trace mineral premix (35-C-41) 
Per cent in premix 
Ingredients Compound Element 
Manganese sulfate (25.4% Mn) 22, .50 5, .68 113 .60 
Ferrous sulfate (20% Fe) 35, .00 7 .00 140 .00 
Copper sulfate (25% Cu) 1, .89 0, .48 9 .50 
Cobalt sulfate (33% Co) 0, .50 0, .17 3 .30 
Zinc sulfate (36% Zn) 22. ,50 8, .10 162 .00 
Potassium sulfate 1. 67 0, .75 15 .00 
Calcium carbonate (39% Ca) 13. 89 5. 28 
Venetian red 1. ,00 
Paraffin oil 1. ,05 
100.00 
Parts per million 
contributed to 
ration by 
0.2% 
Table 6. Experiment 994 - Amounts of vitamins added per pound of complete diet 
Diet 
Vitamin Potency SBM DSM FM MM CSM 
Vitamin A 20,000 I.U./g. I.U./lb. 3000 3000 3000 3000 3000 
Vitamin D% 142,000 I.U./g. I.U./lb. 1000 1000 1000 1000 1000 
Riboflavin Crystalline mg./lb. 4.50 -- 4.25 4.41 4.09 
Pantothenic acid 83.0 per cent mg./lb. 7.26. 0.79 8.15 8.82 6.56 
Niacin 99.0 per cent mg./lb. 24.17 4.68 19.73 20.83 20. 
Choline 70.0 per cent mg./lb. — 113.00 -- 152.00 
Vitamin B^ 20 mg./lb. meg./lb. 20.00 20.00 — 6.00 20. 
Folic acid Crystalline mg./lb. 0.50 0.50 0.50 0,50 0. 
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Table 7. Experiment 994 - Summary of pig gains and feed required per 
pound of gain 
Treatment 
Replication DSM SBM FM CSM MM 
2-6 week gains (lb.) 
1 22.0 16.6 10.4 5.5 1.3 
2 19.8 15.6 . 9.2 4.4 2.7 
av. 20.9 16.1 9.8 5.0 2.00 
Feed/gain (lb.) 
1 1.34 1.58 1.79 3.51 9.51 
2 1,47 1.54 2.01 3,60 4.58 
av. 1.40 1.56 1.90 3.56 7.04 
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Table 8. Experiment 994 - Analysis of variance of pig gains and feed 
required per pound of gain 
Mean squares 
Source 
Degrees of 
freedom Gain Feed/gain 
Replications 53.0300* 1.7389 
Protein sources 1937.5975** 11.1570 
SBM and CSM vs. FM, MM and DSM, 
CSM vs. SBM, 
DSM vs. FM and MM, 
FM vs. MM, 
1 5.4602 
1 1975.8025** 
1 4780.0208** 
1 989.1025** 
2.3167 
3.2942 
12.5461 
26.4710* 
Error 7.6950 2.6370 
Total 870.4667 6.3239 
*Indicates significant difference (P — 0.05 or less) 
**Indicates significant difference (P =. 0.01 or less) 
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Table 9. Experiment 994 Amino acid composition of the experimental 
diets (per cent) 
Diet 
Amino acid DSM SBM FM CSM MM 
Threonine 0. ,95 0 .72 0 .99 0. ,62 0 .56 
Glutamic acid 4. 60 3 .62 3. ,45 3 .06 
Glycine 0. 22 1. 03 1 .35 1. 15 2 .09 
Cystine 0. 29 0, .27 0 .24 0. 45 0 .18 
Valine 1. 39 0, .98 1 .23 0. 93 0 .80 
Methionine 0. 52 0, .30 0 .60 0. 30 0 .25 
Isoleucine 1. 30 0, .96 1 .37 0. 76 0 .57 
Leucine 2. 09 1, .46 1 .79 • 1. 25 1 .16 
Tyrosine 1. 01 0, .67 0 .72 0. 64. 0 .36 
Phenylalanine 1. 03 0. 88 0 .95 0. 98 0 .62 
Lysine 1. 55 1. ,09 1 .72 0. 79 0 .96 
Histidine 0. 53 0. 45 0 .55 0. 48 0 .31 
Arginine 0. 78 1. ,23 1 .35 1. 64 1 .14 
aSource: Block and Boiling, 1951; Lyman et al., 1956 and 1958; 
Hubbell, I960. 
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Table 10. Experiment 994 - Summary of the 
plasma (mg. per 100 ml. plasma) 
free amino acid content of 
Diet 
Amino acid DSM SBM FM CSM MM 
Taurine 0.97 0.39 0.53 0.84 0.58 
Aspartic acid 0.41 0.26 
-
0.14 -
Threonine 3.38 2.10 3.10 2.02 2.36 
Serine3 3.02 3.74 2.88 3.34 4.46 
Glutamic acid 3.34 2.20 3.28 1.90 1.72 
Citrulline 0.98 1.46 1.55 1.06 1.38 
Proline 9.50 3.10 3.25 2.92 4.00 
Glycine 4.62 5.40 12.32 5.14 . 12.84 
Alanine 5.56 4.17 5.36 4.24 3.02 
Cystine 1.18 0.51 0.90 0.22 0.29 
Valine 4.93 2.81 3.54 2.39 2.15 
Methionine 1.13 - 0.84 0.30 0.45 
Is oleucine 2.12 1.72 1.76 0.89 0.87 
Leucine 3.88 2.08 2.30 1.20 1.69 
Tyrosine 3.32 1.68 1.10 1.26 0.99 
Phenylalanine 1.52 1.02 0.81 1.72 1.47 
Lysine** 7.44 5.33 5.06 3.58 3.64 
9Not corrected for asparagine nor glutamine. 
bNot corrected for ornithine. 
Table 10. (Continued) 
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Diet 
Amino acid DSM SBM FM CSM MM 
Histidine 1.75 1.38 1.82 1.38 1.55 
Arginine 2.55 2.13 3.27 4.72 2.02 
Urea 13.41 17.58 16.78 22.58 33.01 
Ammonia 0.88 0.78 1.00 0.98 1.10 
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Table 11. Experiments .1015 and 1109 - Composition of experimental diets 
Foodstuff or ingredient 
1015 1109 
DSM SBM DSM SBM 
Ground yellow corn • e 9.00 9.00 
Soybean meal (50.07= protein) 39.80 -- 38.20 
Dried skim milk 58.30 — 55.95 --
Lactose - - 30.00 30.00 
Stabilized lard 2.00 2.10 2.00 2.10 
Sucrose 5.00 5.59 5.00 5.59 
Corn starch 30.50 16.30 23.85 8.90 
Wood flock 1.69 0.53 1.69 0.53 
Vitamin premix3 2.00 2.00 2.00 2.00 
Iodized salt -- 0.74 -- 0.74 
Calcium carbonate — 0.52 -- 0.52 
Dicalcium phosphate — 1.72 -- 1.72. 
Trace mineral premix (35-C-41)k 0.20 0.20 0.20 0.20 
KC1 — 0.50 0.50 
MgCl2*6H20 0.31 -- 0.31 --
Total 100.00 100.00 100.00 100.00 
^Composition given in table 13. 
bComposition given in table 5. 
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Table 12. Experiments 1015 and 1109 -Calculated analysis of the 
complete experimental diets 
1015 1109 
Constituent DSM SBM DSM SBM 
Protein % 20.00 20.00 20.01 20.09 
Fat 7= 2.32 2.32 3.05 3.04 
Fiber 7o 1.75 1.75 1.69 1.61 
Calcium 7, 0.74 0.74 0.69 0.70 
Phosphorus % 0.58 0.57 0.61 0.63 
Vitamins: 
Vitamin A I.U./lb. 3000 3000 3000 3000 
Vitamin Dg I.U./lb. 500 500 500 500 
Riboflavin mg./lb. . 5.24 5.48 5.00 5.00 
Pantothenic acid mg./lb. 10.00 10.38 10.00 10.00 
Niacin mg./lb. 30.00 31.77 30.00 30.00 
Choline mg./lb. 518.00 510.00 517.10 517.10 
Vitamin B^g meg./lb. 20.00 20.00 20.00 20.00 
Alpha tocopherol mg./lb. 10.00 10.14 10.00 10.00 
Vitamin K (menadione) mg./lb. 0.50 0.55 0.50 0.50 
Thiamine mg./lb. 3.00 3.44 3.00 3.00 
Pyridoxine mg./lb. 2.00 2.45 2.00 2.00 
Folic acid mg./lb. 0.50 0.56 0.50 0.50 
Biotin meg./lb. 3.00 3.06 86.2 86.2 
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Table 13. Experiments 1015 and 1109 - Amounts of vitamins added per 
pound of complete diet. 
Vitamin Potency DSM SBM 
Vitamin A 20,000 I.U./g. I.U./lb. 2895 3000 
Vitamin 0^ 142,000 I.U./g. I.U./lb.. 389 500 
Riboflavin Crystalline mg./lb. - - 5.00 
Pantothenic acid 83.0 per cent mg./lb. 1.26 8.00 
Niacin 99.0 per cent mg./lb. 27.09 28.00 
Choline 70.0 per cent mg./lb. 226.90 - -
Vitamin B^ Crystalline meg./lb. 20.00 20.00 
Alpha tocopherol 20,000 I.U./g. mg./lb. 9.90 10.00 
Vitamin K (menadione) Crystalline mg./lb. 0.50 0.55 
Thianine Crystalline mg./lb. 2.07 3.00 
Pyridoxine Crystalline mg./lb. 0.95 0.50 
Folic acid Crystalline mg./lb. 0.34 0.45 
Biotin Crystalline meg./lb. 2.91 3.00 
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Table 14. Experiment 1015 - Summary of pig gains and feed required per 
• pound of gain 
Treatment 
Replication DSM ' SBM 
2-8 week gains (lb.) 
1 24.0 24.3 
2 34.8 18.2 
3 38.5 30.4 
4 39.5 21.5 
5 35.9 22.2 
av. 34.5 23.3 
Feed/gain (lb.) 
.  1 .  2 . 0 1  2 . 1 1  
2 1.98 2.40 
3 1.62 1.88 
4 2.07 2.16 
5 1.77 1.97 
av. 1.88 2.10 
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Table 15. Experiment 1015 - Analysis of variance of pig gains and feed 
required per pound of gain 
Mean squares 
Source 
Degrees of 
freedom Gain Feed/gain 
Replications 4 30.9712 0.0696 
Protein source 1 313.0403 0.1254* 
Error 4 27.9490 0.0092 
Total 4 60.9690 0.0490 
^Indicates significant difference (P = 0.05 or less) 
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Table 16. Experiment 1015 - Summary of average blood plasma free amino 
acid concentration (mg./100 ml. plasma) of baby pigs fed a 
dried skim milk diet 
Age, weeks 
Amino acid 2 3 4 5 6 7 8 
Taurine 0 .68 0 .68 1 .36 0 .41 1, .37 2 .00 1 .61 
Aspartic acid 0 .35 0 .31 0 .53 0 .34 0. ,61 0 .46 0 .31 
Threonine 2 .74 3 .99 4 .23 4 .26 4, ,55 5 .41 3 .54 
Serine 3 .22 3 .95 3 .96 3 .74 3. ,88 4 .15 3 .10 
Glutamic acid 3 .76 6 .12 4 .90 4 .35 4. 27 4 .40 3, .04 
Citrulline ? •  .81 1 .19 1, .36 0 .99 1. ,69 1 .71 1 .71 
Proline 3, .91 5, .96 6, .56 8 .34 8. ,45 11 .23 8, .64 
Glycine 6, .07 8, .04 5, .34 4 .67 3. ,67 4 .64 3, .58 
Alanine 5, .39 7, .28 6, .11 7 .69 7. 53 5 .03 4, .01 
Cystine 0, .74 1, .51 1, .43 0 .63 . 1. 62 0 .67 0, .72 
Vâline 4, .55 4, .68 4. 98 5 .40 4. 92 . 7 .11 6, .00 
Methionine 1. ,92 3, .02 2. 51 1, .95 2. 98 2 .18 2. ,16 
Isoleucine 2. ,24 2. 46 2. ,68 2 .88 2. 53 2 .70 2. 60 
Leucine 3. ,30 3. ,89 3. ,64 4, .58 3. 39 4, .54 3. ,68 
Tyrosine 3. ,00 5. ,06 4. ,59 4, .34 3. 86 5, .30 3. ,46 
Phenylalanine 1. 93 2. ,45 2. ,65 2, .98 2. 23 3, .03 2. ,42 
Ornithine . 0. 72 1. ,56 1. ,64 1, .98 1. 89 2, .27 1. ,48 
Lysine 6. 34 7. ,34 6. ,88 9, .89 8. 24 9, .28 5. ,98 
Histidine 1. 03 1. ,51 1. 57 1, .85 2. 32 2, .34 ^ 1. ,44 
Arginine 1. 02 2. 27 1. 72 1, ,60 2. 20 3, .41 1. ,99 
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Table 17. Experiment 1015 Summary of average blood plasma free amino 
acid concentration (mg./100 ml. plasma) of baby pigs fed a 
soybean meal diet 
Age, weeks 
Amino acid 2 3 < 4 5 6 7 8 
Taurine 0 .67 1 .01 0 .39 a 0 .30 1 .36 0 .55 
Urea 10 .23 23 .08 23 .14 a 17 .82 20 .40 25, .47 
Aspartic acid 0 .28 0 .28 0, .40 0 .45 0, .38 0 .56 0 .52 
Threonine 1 .60 4, .00 3 .06 3 .02 3, .34 3 .54 4, .34 
Serine 2 .18 3, .88 4 .74 4 .86 2 .58 4 .74 6 .13 
Glutamic acid 2 .12 4, .83 2, .97 4, .91 4, .21 5, .21 4, .16 
Citrulline 1 .54 1, .54 1, .77 1, .27 0, .89 1, .57 1, .57 
Proline 2 .88 3, .05 4, .04 4, .96 2, .51 4, .02 4, .74 
Glycine. 5 .53 5. 74 5. 46 4, .91 4. ,74 5, .00 6, .50 
Alanine 4 .48 4, ,14 6. 43 5, .91 4. 48 4, .68 5. ,11 
Cystine . 0 .27 0, ,48 0, .71 0, .33 0. 37 1. 00 0. 38 
Valine 1 .86 3. 57 3. 29 4, .58 4. ,04 4, .78 5. ,55 
Methionine 0 .64 0. ,80 0. ,31 0. ,60 0. ,74 0. ,90 0. ,31 
Isoleucine 1 .78 2. ,40 1. ,92 2. ,74 2. ,94 3. 53 3. ,44 
Leucine 1 00
 
00
 
2. ,42 2. ,03 3. ,07 2. ,87 3. ,88 4. ,13 
Tyrosine 0, .86 1. ,36 1. 26 2. ,58 2. ,64 3. ,58 3. ,46 
Phenylalanine 0, .86 1. ,32 1. 27 1. ,70 2. ,16 2. 48 2. ,69 
Ornithine 1, .23 1. 98 2. ,31 2. ,66 2. ,61 3. ,37 2. ,70 
aLost in analysis. 
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Table 17. (Continued) 
Age, weeks 
Amino acid 2 3 4 5 6 7 8 
Lysine 1.31 2.74 3.34 3.36 3.92 5.82 3.64 
Histidine 1.10 1.75 1.85 1.50 1.78 2.26 2.37 
Arginine 1.74 2.86 3.10 3.16 4.66 4.63 5.06 
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Table 18. Experiment 1015 - Summary of the effect of age (2-3-4 versus 
6-7-8 week periods) and source of protein on post-weaning 
blood plasma free amino acids (mg./100 ml.) 
Amino acid 
DSM SBM 
2-3-4 6-7-8 2-3-4 6-7-8 
Taurine 0.87 1.21 0.72 0.69 
Urea 15.09 23.32 17.45 22.29 
Aspartic acid 0.39 0.41 0.34 • 0.49 
Threonine 3.60 4.49 2.70 3.82 
Serine 3.69 3.65 3.40 4.86 
Glutamic acid 4.93 3.88 3.37 4.53 
Citrulline 1.12 1.70 1.59 1.34 
Proline 5.32 9.77 3.16 4.01 
Glycine 6.64 4.05 5.59 5.55 
Alanine 6.26 4.96 5.12 4.81 
Cystine 1.18 0.80 0.34 . 0.53 
Valine 4.71 • 6.37 2.87 4.98 
Methionine 2.48 2.26 0.60 0.56 
Isoleucine 2.44 2.64 2.07 3.34 
Leucine 3.61 4.03 2.14 3.75 
Tyrosine 4.10 4.32 1.20 3.26 
Phenylalanine 2.30 2.67 1.18 2.44 
Ornithine 1.31 1.82 1.85 2.97 
Lysine 6.86 7.57 2.49 4.61 
Histidine 1.35 2.01 1.64 2.21 
Arginine 1.67 . 2.45 2.60 4.80 
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Table 19. Experiment 1015 - Summary of blood plasma free amino acids of 
four littermate pigs fed a dried skim milk diet (mg./100 ml. 
plasma) 
Amino acid 0-B 
Pig number 
4-B 5-B 9-B 
Taurine 
Aspartic acid 
Threonine 
Serine 
Glutamic acid 
Citrulline 
Proline 
Glycine 
Alanine 
Cystine , 
Valine 
Methionine 
Isoleucine 
Leucine 
Tyrosine 
Phenylalanine 
2.08 
0.41 
4.51 
2.91 
3.56 
1.30 
9.07 
3.05 
5.15 
0.94 
5.64 
2.53 
2.99 
4.43 
4.12 
1.98 
1.50 
0.35 
4.19 
3.46 
3.58 
1.02 
8.91 
4.63 
3.74 
1.66 
7.37 
1.96 
3.30 
4.96 
3.62 
2.84 
1.39 
0,24 
3.37 
2.74 
__a 
— a 
7.81 
3.07 
3.14 
a 
5.71 
2.81 
2.35 
3.53 
2.96 
3.15 
1.47 
0.25 
2.11 
3.28 
1.98 
2.80 
8.76 
a 
—a 
a 
5.26 
1.34 
1.77 
1.80 
3.13 
1.69 
aLost in analysis 
Table 19. (Continued) 
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Pig number 
Amino acid 0-B 4-B 5-B 9-B 
Ornithine 0.87 —a 1.92 1.65 
Lysine 5.46 —a 5.48 7.00 
Histidine 1.16 1.85 1.19 1.58 
Arginine 1.68 2.37 2.21 1.70 
Table 20. Experiment 1015 - Summary of hematocrit values 
DSM SBM 
Weeks Weeks 
Repli­
c a t i o n  2 3 4 5 6 7 8  2 3 4 5 6 7 8  
1 37.0 31.0 36.0 33.5 35.5 45.0 41.0 24.0 29.0 26.0 33.0 35.0 35.0 39.0 
2 14.5 22.5 17.0 23.0 27.0 33.0 39.0 29.5 29.0 32.0 34.0 35.0 38.5 39.0 
3 25.0 32.0 32.5 30.5 32.0 33.5 33.0 35.0 35.0 36.0 34.0 36.0 38.5 30.0 
4 16.0 23.0 —a 20.0 25.5 34.0 37.0 32.0 37.5 27.0 27.0 33.0 37.0 35.0 
5 27.0 34.0 41.0 44.0 44.5 41.5 39.0 29.0 27.0 26.5 24.5 30.0 36.0 36.0 
av. 23.9 28.5 31.6 30.2 32.9 37.4 37.8 29.9 31.5 29.5 30.5 33.8 37.0 35.8 
aMissing value. 
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Table 21. Experiment 1109 - Summary of portal and caval blood plasma 
free amino acids of baby pigs at different hours after a 
test meal (mg. per 100 ml. plasma) 
Post- Amino acids (mg./100 ml.) 
prandial 
Pig No. 
Treat­
ment 
time 
(hrs.) 
Sampling 
site Tyr-Phe Orn Lys His Arg 
6216-B DSM 2 Cava 4.07 1.36 4.67 2.37 3.41 
Porta 5.14 1.71 4.44 0.92 2.70 
6211-S SBM 1 Cava 2.98 1.59 3.96 1.10 4.43 
Porta 4.36 2.20 4.89 0.62 3.28 
6210-S DSM 3 Cava 2.83 0.74 2.55 .1.24 —a 
Porta 2.47 0.80 2.00 0.58 • a 
6215-B SBM 3 Cava 4.48 2.12 2.79 1.19 2.15 
Porta 5.33 1.81 3.65 0.97 3.49 
aLess than 0.15 mg. 
Table 22. Experiment 1109 - Summary of total free amino acids (including ammonia and urea) and 
solids of the different sections of the small intestine of baby pigs at different 
intervals after a test meal 
Post- Test Per cent O.D. Per cent 
Treat- prandial meal Sampling Dry dry matter dry N re­
Pig No. ment time, hrs. eaten, g. site matter, g. recovered matter covered3 
6216-B DSM 2 59.0 Stomach 11.92 23.3 4.6 3.1 
Duodenum 0.85 1.7 15.3 3.1 
Jejunum 2.57 5.0 89.9 6.1 
Ileum 6.43 12.6 66.8 4.8 
Total 21.77 42.6 
6217-B SBM 2 77.2 Stomach 2.32 3.4 25.8 4.3 
Duodenum 0.35 0.5 56.5 4.2 
Jejunum 3.87 5.7 42.0 6.1 
Ileum 3.95 5.8 97.2 6.1 
Total 10.49 15.4 
6210-S DSM 3 36.3 ' Stomach 12.33 38.6 2.6 1.4 . 
1 Duodenum 0.26 0.8 152.6 9.3 
Jejunum 0.53 1.7 203.7 9.1 
Ileum 2.41 7.5 148.5 5.3 
Total 15.53 48.6 
6215-B SBM 3 109.0 Stomach 9.20 9.6 7.0 2.5 
Duodenum 0.23 0.2 80.3 6.4 
Jejunum 4.24 4.4 115.9 6.9 
Ileum 5.35 5.6 73.5 4.3 
Total 19.02 19.8 
aPer cent N of test meal on a dry matter basis = 3.6 
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Table 23. Experiment 1109 - Summary of total free amino acids (mg.) 
recovered from the different sections of the small intestine 
of baby pigs fed a test meal 
Post-
Treat- prandial Sampling Tyr-
Pig No. ment time, hrs. site Phe Lys His Arg 
6216-B DSM 2 Stomach 19.2 4.7 ' __b 1.9 
Duodenum 2.4a 0.9* __b „b 
Jejunum 47.1 —b 11.1 43.0 
Ileum 95.7 70.6 25.9 91.6 
6210-S DSM 3 Stomach 10.7 2.2 0.9 b 
Duodenum 9.0 9.1 1.8 . 6.3 
Jejunum 19.1 18.9 6.7 21.9 
Ileum 55.6 49.0 15.2 48.9 
6217-B SBM 2 Stomach 13.9 -„b ' __b ~ b  
Duodenum 5.8 1.5 __b 2.8 
Jejunum 39.5 34.2 10.4 33.4 
Ileum 83.6 56.0 28.3 86.9 
6215-B SBM 3 Stomach 18.9 b -b 3.3 
Duodenum ' 3.4 2.8 0.9 1.2 
Jejunum 65.2 48.2 16.3 54.4 
Ileum 114.5 93.6 34.6 116.2 
aValues too low due to experimental error. 
^Undetected. 
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Table 24. Experiment 1109 - Summary of the recovery of free amino acids 
from the different sections of the small intestine of baby 
pigs after a test meal 
Ingested Recovered 
Test 
Pig No. meal 
Post­
prandial 
time, hrs. 
Amino 
acid mg. 
Total 
mg. of 
Per cent 
ingested 
6216-B DSM 3 Tyrosine-
phenylalanine 
1120.0 164.4 14.7 
Lysine 920.0 76.2 8.3 
Histidine 300.0 37.0 12.3 
Arginine 420.0 136.5 32.5 
6210-S DSM 2 Tyrosine-
phenylalanine 
690.0 94.4 13.7 
Lysine 570.0 79 ;3 13.9 
Histidine 180.0 24.6 13.7 
Arginine 260.0 77.0 30.0 
6217-B ' SBM 2 Tyrosine-
phenylalanine 
1180.0 142.9 12.1 
Lysine 890.0 91.8 10.3 
Histidine 340.0 38.6 11.4 
Arginine 990.0 123.2 12.4 
6215-B . SBM 3 Tyrosine-
phenylalanine 
1670.0 201.9 12.1 
Lysine 1250.0 144.6 11.6 
Histidine 480.0 51.8 10.8 
Arginine 1390.0 175.2 12.6 
Table 25. Experiment 1109 - Summary of free amino acids recovered from the different sections of 
the small intestine of baby pigs fed a test meal (expressed as the ratio to histidine) 
Post­
Ratios recovered Ratios in test meal 
Pig No. 
Treat­
ment 
prandial 
time 
hrs. 
Int. 
section 
Lys/His Arg/His Tyr-Phe/ 
His 
Lys/His Arg/His Tyr-Phe/ 
His 
6 216—B DSM 2 Stomach 
Duodenum 
Jejunum 
Ileum 
4.67 
0.86 
2.73 
1.92 
3.88 
3.54 
19.22 
2.39 
4.26 
3.70 
3.12 1.44 3.78 
6210-S DSM 3 S tomach 
Duodenum 
Jejunum 
Ileum 
2.34 
5.04 
2.83 
3.23 
0.94 
3.47 
3.28 
3.22 
11.39 
4.98 
2.86 
3.66 
6217-B SBM 2 Stomach 
Duodenum 
Jejunum 
Ileum 
1.54 
3.30 
1.98 
2.82 
3.23 
3.08 
13.92 
5.82 
3.81 
2.96 
2.61 2.91 3.48 
6215-B SBM 3 Stomach 
Duodenum 
Jejunum 
Ileum 
3.02 
2.76 
2.71 
3.27 
1.35 
3.34 
3.36 
18.86 
3.65 
4.00 
3.31 
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Table 26. Experiments 1052, 1093, 1116 and 1120 - Composition of 
experimental diets 
1052 1093 1116 1120 
Foodstuff or ingredient SBM DSM SBM SBM SBM 
Soybean meal (50.0% protein) 40.00 _ _ 36.00 36 .00 36.00 
Dried skim milk 
— 
53 .00 — - - — 
Lactose 30.00 
— 
36 .00 36 .00 36.00 
Stabilized lard 2.50 2 .00 2.00 2 .00 2.00 
Sucrose 15.00 15 .00 15.00 15 .00 15.00 
Corn starch 7.83 25 .13 4.16 4 .91 3.22 
Wood flock 2 .00 1.00 1 .00 1.00 
Vitamin-antibiotic premix3 1.00 1 .00 1.00 1 .00 1.00 
Iodized salt 0.75 0 .20 0.60 0 .60 0.60 
Calcium carbonate 0.50 
- -
0.40 0 .40 0.40 
Dicalcium phosphate 1.72 0, .10 1.80 1 .80 1.80 
Trace mineral premix (35-C-4l)^ 0.20 0, .20 0.20 0 .20 0.20 
KC1 0.50 - - 0.47 0, .47 0.47 
Ammonium citrate (dibasic) - 1, .37 1.37 0, .62 0.31 
Amino acid premix0 -  - — - - - - 2.00 
Total 100.00 100. 00 100.00 100. 00 100.00 
^Composition given in table 28. 
^Composition given in table 5. 
^Composition for each treatment given in text , page 139. . 
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Table 27. Experiments 1052, 1093, 1116 and 1120 - Calculated analysis 
of the complete experimental diets 
• 1052 1093 1116 1120 
Constituent SBM DSM SBM SBM SBM 
Protein 7° 20.05 18.02 18.00 18.00 18.00 
Fat 7. 2.70 2.26 2.18 . 2.18 2.18 
Fiber % 1.21 2.00 2.08 2.08 2.08 
Calcium % 0.74 0.70 0.69 0.69 0.69 
Phosphorus % 0.57 0.55 0.55 0.55 0.55 
Vitamins: 
Vitamin A I.U./lb. 3000 3000 3000 3000 3000 
Vitamin Dg I.U./lb. 500 500 500 500 500 
Riboflavin mg./lb. 5.48 5.00 5;43 5.43 5.43 
Pantothenic acid mg./lb. 10.40 10.00 10.16 10.16 10.16 
Niacin mg./lb. 31.80 32.65 33.42 33.42 33.42 
Choline mg./lb. 520.00 515.00 468.00 468.00 468.00 
Vitamin B-^ meg./lb. 20.36 20.32 20.32 20.32 20.32 
Alpha tocopherol mg./lb. 10.14 0.13 0.13 0.13 
Vitamin K (menadione) mg./lb. 0.50 - -
--
— -
--
Thiamine mg./lb.. 3.44 0.50 0.90 0.90 0.90 
Pyridoxine mg./lb. 2.45 0.50 2.26 2.26 2.26 
Folic acid mg./lb. 0.50 — — - - — 
Biotin meg./lb. 3.00 «• mm — — m» • 
I 
I 
Table 28. Experiments 1052, 1093, 1116 and 1120 - Vitamins and antibiotics added per pound of 
complete diet 
1052 1093 1116 1120 
Vitamin or antibiotic Potency SBM DSM SBM SBM SBM 
Vitamin A 20,000 I.U./g. I.U./lb. 3000 3000 3000 3000 3000 
Vitamin 142,000 I.U./g. I.U./lb. 500 500 500 500 500 
Riboflavin Crystalline mg./lb. 5.00 0.23 5.00 0.43 0.43 
Pantothenic acid 83 per cent mg./lb. 8.00 2.05 8.00 2.16 2.16 
Niacin 99 per cent mg./lb. 28.00 30.00 30.00 3.42 3.42 
Choline 70 per cent mg./lb. — 250.00 • -- — — -
Vitamin Crystalline meg./lb. 20.00 20.00 20.00 20.00 20.00 
Alpha tocopherol 20,000 I.U./g. mg./lb. 10.00 — — - -
Vitamin K (menadione) Crystalline mg./lb. 0.50 — — --
Thiamine Crystalline mg./lb. 3.00 0.50 0.50 — 
Pyridoxine Crystalline mg./lb. 0.50 0.50 0.50 — — -
Folic acid Crystalline mg./lb. 0.50 — -  - — 
--
Biotin Crystalline meg./lb. — mm • ™ mt mm W M mm mm 
Table 28. (Continued) 
1052 1093 1116 1120 
Vitamin or antibiotic Potency SBM DSM SBM SBM SBM 
Chlortetracycline Crystalline mg./lb. — 50.00 50.00 50.00 25.00 
Oxytetracycline Crystalline mg./lb. — — — — 25.00 
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Table 29. Experiment 1052 - Summary of pig gains and experimental plan 
First expt1 1. period Second expt1 1. period 
Pig Number 
Initial 
treatment Treatment Gain (lb.) Treatment Gain (lb.) 
9965-S sow sow 1.3 .sow 3.1 
9968-B sow sow 2.6 sow 3.5 
9960-S sow SBM 0.2 SBM 4.0 
9962-S sow SBM 1.2 SBM - Met 6.0 
9963-S sow SBM 1.2 SBM - MILPa 4.8 
9964-S sow SBM - Met 2.7 SBM 2.8 
9967-B sow SBM - Met 1.8 SBM - Met 2.0 
9961-S sow SBM - Met 1.3 SBM - MILPa 2.5 
*MILP s methionine - isoleucine - leucine - phenylalanine. 
Table 30. Experiment 1052 - Summary of blood plasma free amino acid concentration (mg. per 100 ml. 
plasma) of baby pigs féd supplemental amino acids 
Age, weeks 
3 4 5 
Amino acid Sow Sow SBM -Met Sow SBM -Met MILPa 
Taurine 1. 42 1. ,52 0. o\
 
CO
 
0. ,76 1. ,72 0. ,61 0. **4
 
CO
 
0. ,71 
Aspartic acid 0. 35 0. ,41 0. ,19 0. ,85 0. 39 0. ,55 0. 72 0. ,48 
Threonine 1, .60 1. ;30 2. ,34 1. 95 1. 34 2. 14 1. ,71 1. ,68 
Serine 1, .92 1. 38 2. 61 2. 74 1. 46 3. 08 2. 61 1. ,89 
Glutamic acid 2, .44 1, .57 2. 70 4, .26 1. 93 2, .51 3, .40 3. ,35 
Citrulline 0, .84 0. 61 1. ,24 0. 98 0. 96 0, .70 • 0, .70 b. 97 
Proline 2, .62 2. 19 1. 44 3. ,42 2, .91 2. 70 - 2, .58 2, .30 
Glycine 4, .26 3. ,54 3, 92 5. 17 3, .57 5. 05 4. 58 4, .54 
Alanine 2, .87 2. 15 2, .89 4. 12 2. 44 3, .68 3, .92 4, .35 
Cys tine 0, .78 0, .79 0, .10 0, .55 0, .64 0, .16 0, .25 0, .19 
Valine 3, .34 3, .85 3. 52 3, .58 3, .64 3, .92 3 .36 2 .88 
aMILP - methionine - isoleucine - leucine - phenylalanine. 
Table 30. (Continued) 
Age, weeks 
Amino acid 
3 
Sow Sow SBM -Met Sow SBM -Met MILPa 
Methionine 
Isoleucine 
Leucine 
Tyrosine 
Phenylalanine 
Ornithine 
Lysine 
Histidine 
Arginine 
Urea 
0.46 
1.98 
2.43 
1.24 
1.08 
1.10 
1.86 
1.51 
2.45 
25.60 
0.49 
1.95 
2.79 
1.13 
1.52 
1.34 
1.91 
0.96 
4.26 
25.50 
0 .60  
2.48 
2.33 
0.99 
1.25 
1.82 
2.85 
1.77 
3.00 
28.27 
0.79 
3.01 
2.84 
2.06 
1.56 
1.98 
2.39 
1.88 
2.95 
23.76 
0.56 
1.74 
2.55 
0.78 
0.74 
1 .02  
1.50 
0.90 
0.74 
19.60 
0.38 
2.36 
2.56 
1.36 
1.06 
1.41 
2.52 
1.64 
1.76 
12.70 
0.72 
2.40 
1.78 
2.26 
1.41 
1.72 
2.08 
1.67 
1.95 
17.02 
0.78 
2.30 
2 . 2 2  
1.58 
1.01 
1.70 
1.58 
0.92 
1.18 
17.48 
No. pigs in treatment 
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Table 31. Experiment 1052 - Summary of blood plasma free amino acids of 
seven littermatea pigs at weaning 
Pig number 
Amino acid 9967-B 9968-B 9964-S 9962-S 9961-S 9965-S 9963-S 
Taurine 1 .69 b 1. 87 1, .06 1, .64 1 .28 0 .96 
Aspartic acid 0 .27 __b 0. 40 0, .31 0. 64 0 .24 0 .23 
Threonine 1 .46 1 .46 1. ,25 2. ,00 2. ,17 1 .34 1 .55 
Serine 1 .87 2 .19 • 1. ,64 2, 33 1. 92 2 .09 1 .43 
Glutamic acid 1, .96 3 .08 2. ,76 2. ,38 3. ,03 b 1 .43 
Citrulline 0, .67 0, .71 1. ,01 0. ,76 1. ,05 __b 0 .82 
Proline 2, .33 1, .87 2. 21 2. ,57 3. ,09 ,_b 3, .62 
Glycine 4. 57 '4. 74 4. 54 . 4. ,17 5. 06 __b 2, .50 
Alanine 3. 05 3. 56 2. 25 3. ,48 3. 27 __b 1, .60 
Cystine __b 0. 54 0. 94 0. ,59 0. 88 __b 0, .32 
Valine 4. 12 2. ,96 3. 49 3. 77 3. 58 3, .93 1. ,57 
Methionine 0. .37 0. 55 0. 24 0. 44 0. 29 0. 76 0, ,56 
Isoleucine 1. 95 2. ,48 2. 00 1. 98 1. 69 2. ,10 1. ,63 
Leucine 2. 51 2. ,48 2. 72 2. 33 2. 91 2. ,11 1, ,92 
Tyrosine 1. 29 1. ,56 1. 16 1. 38 1. 16 0. ,93 1. ,19 
Phenylalanine 1. 34 1. 53 0. 89 1. 13 1. 09 0. ,68 . 0. 92 
Omi thine 0. 81 1. 11 0. 32 1. 37 1. 36 1. ,75 1. 00 
aThe sample from the eighth pig in this experiment was lost. 
bLost in analysis. 
Table 31. (Continued) 
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Pig number 
Amino acid 9967-B 9968-B 9964-S 9962-S 9961-S 9965-S 9963-5 
Lysine 0.92 1.62 1.71 2.61 1.73 2.81 1.63 
Histidine --b 1.51 1.17 2.07 1.31 —5 1.39 
Arginine 0.99 0.75 1.16 1.24 5.33 5.55 2.15 
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Table 32. Experiment 1093 - Summary of pig gains and feed required per 
pound of gain 
Treatment 
SBM DSM 
Lication Basal Met Met-Leu 
Met-
Tyr-Phe 
Met-Leu-
Tyr-Phe 
2-6 week gains (lb.) 
1 18.5 23.4 23.7 22.3 19.7 21.0 
2 27.3 21.6 17.9 28.9 25.3 18.3 
3 27.9 30.7 30.5 23.7 30.0 22.2 
4 21.9 23.0 25.2 25.2 26.0 18.8 
5 19.8 25.6 26.1 19.7 24.2 16.6 
6 19.9 27.2 19.5 23.1 21.5 22.8 
av. 22.6 25.2 23.8 23.8 24.4 20.0 
Feed/gain (lb.) 
1 1.90 1.51 1.65 1.82 1.64 2.38 
2 1.80 1.73 1.58 1.60 1.68 1.63 
3 1.53 1.71 1.65 1.62 1.70 1.73 
4 1.85 1.63 1.84 1.79 1.61 1.61 
5 1.93 1.80 1.83 1.91 1.63 1.74 
6 1.63 1.65 1.60 1.70 1.84 1.86 
av. 1.77 1.67 1.69 1.74 1.68 1.82 
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Table 33. Experiment 1093 - Summary of blood plasma free tyrosine, 
Phenylalanine, .Ornithine, Lysine, Histidine and Arginine 
Treatment 
Amino acids (mg./100 ml. plasma) 
Tyr-Phe Orn Lys His Arg 
Av. initial 2.78 1.31 2.61 1.38 1.84 
DSM basal 7.52 1.52 6.93 2.22 2.98 
SBM basal 4.17 2.56 3.09 1.49 4.66' 
SBM-met 4.75 2.46 3.74 1.53 4.80 
SBM-met-leu 3.51 1.95 3.14 2.70 4.81 
SBM-met-tyr-phe 5.79 2.25 3.87 2.39 4.90 
SBM-Met-L T Pb 5.76 2.10 3.53 3.15 4.53 
^Original value lost, presented average of same age and diet. 
bL T P = Leucine-tyrosine-phenylalanine. 
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Table 34. Experiment 1093 - Analysis of variance of pig gains and feed 
required per pound of gain . 
Mean squares 
Source 
Degrees of 
freedom Gain Feed/gain 
Replications 21.6700 0.0301* 
Treatments 5.8975 0 .0111  
SBM vs. SBM-Met 
Met vs. Met-Leu-Tyr-Phe 
Leu vs. Tyr-Phe 
Tyr-Phe vs. Leu-Tyr-Phe 
15.2653 
6.7222 
0.4011 
1.2033 
0.0282 
0.0050 
0.0016 
0.0096 
Error 20 12.3955 0.0100 
Total 29 13.0983 0.0136 
^Indicates significant difference (P = 0.05 or less) 
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Table 35. Experiment 1116 - Summary of pig gains and feed required per 
pound of gain 
Treatment 
Replication Basal Met Met-Thr Met-Lys Met-Val 
2-•6 week gains (lb.) 
1 19.0 19.6 24.0 20.7 16.8 
2 19.6 15.4 20.6* 16.6 22.2 
3 21.4 15.6 19.0 21.2 20.0 
4 17.0 16.3 21.3 19.3 25.1 
av. 19.2 16.7 21.2 19.4 21.0 
Feed/gain (lb.) 
1 1.76 1.49 1.64 2.03 1.74 
2 1.87 1.74 1.78 1.69 1.50 
3 1.75 1.86 2.13 1.84 1.62 
4 1.73 * 1.83 1.76 1.67 1.84 
av. 1.78 1.73 1.82 1.81 1.68 
^Calculated as a missing value (Snedecor, 1956, p. 310-311). 
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Table 36. Experiment 1116 - Analysis of variance of pig gains and feed 
required per pound of gain 
Mean squares 
Source 
Degrees of 
freedom Gain Feed/gain 
Replications 1.2400 0.0152 
Treatments 13.0625 0.0152 
SBM vs. SBM - Met 
Met vs. Thr-Lys-Val 
Thr vs. Lys-Val 
Lys vs. Val 
0.4036 
44.2752* 
2.6004 
4.9612 
0.0010 
0.0048 
0.0198 
0.0351 
Error 11 7.3018 0.0302 
Total 18 7.5717 0.0244 
*Indicates significant difference (P = 0.05 or less) 
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Table 37. Experiment 1116 - Summary of the free amino acid content of 
blood plasma (mg./100 ml. plasma) 
Treatment 
Amino acid Basal -Met -Met-Thr -Met-Lys -Met-Val 
Taurine 0, .72 1 .33 1. 20 1 .91 1. 22 
Aspartic acid 1, .24 1 .58 0. 96 1 .42 0. 87 
Threonine 3, .66 3 .90 3. 73 3, .00 2, .96 
Serine 5, .30 5, .40 3. 01 3. 74 4. 05 
Glutamic acid-citrulline 3, .83 4. 40 3. 82 4, .38 3, .40 
Glycine 6, .90 6, .36 5. 24 5. 98 4, .57 
Alanine 4, .29 5, .21 3. 81 5. 35 4, .00 
Cystine ..a __a _a ..a _a 
Valine 4. ,23 4, .65 3. 23 4. 01 10. ,41 
Methionine __a 0, .88 0. 64 0. ,65 0. ,99 
Isoleucine 2. ,84 3, .18 2. 03 2. 45 2. ,52 
Leucine 2. ,61 2, .96 1. 87 2. 19 2. ,65 
Tyrosine-phenylalanine 4. 82 5. 38 3. 12 3. ,59 4. ,64 
Ornithine 2. ,61 3. 50 2. 27 2. 63 2. ,86 
Lysine 3. ,62 3. 05 3. 18 4. 31 3. ,19 
Histidine 3. 32 1. 47 2. 22 4. 43 1. 23 
Arginine 4. 66 4. 53 7. 95 5. 96 3. 28 
Urea 16. 16 20. 40 17. 42 15. ,13 19. ,14 
aLess than 0.15 mg. 
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Table 38. Experiment 1120 - Summary of pig gains and feed required per 
pound of gain 
Treatment 
Replication Basal Met Met-Thr Met-Val Met-Iso Basal3 
2-6 week gains (lb.) 
1 16.1 20.1 20.0 16.3 16.1 18.4 
2 17.2 14.0 11.9 19.7 18.0 15.5 
3 16.5 21.0 22.0 24.8 10.9 14.9 
4 14.8 ' 24.7 23.1 20.6 11.2 22.3 
5 18.0 21.0 24.6 19.5 21.5 18.1 
6 10.5 16.1 19.2 16.5 20.7 14.7 
av. 15.5 19.5 20.1 19.6 16.4 17.3 
Feed/gain (lb.) 
1 2.02 1.76 1.78 1.78 2.02 1.84 
. 2 1.96 2.37 2.08 1.68 1.89 2.11 
3 2.09 1.96 1.95 1.92 2.23 2.09 
4 2.37 1.93 1.77 1.71 • 2..71 1.89 
5 1.83 1.57 1.71 1.82 1.79 1.74 
6 2.26 1.79 1.86 1.91 1.80 1.99 
av. 2.09 1.90 1.86 1.80 2.07 1.94 
aBasal minus supplemental potassium. 
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Table 39. Experiment 1120 - Analysis of variance of pig gains and feed 
required per pound of gain 
Mean squares 
Degrees of 
Source freedom Gain Feed/gain 
Replications 5 43.5024 0.0554 
Treatments 4 26.5362* 0.1004 
SBM vs. SBM - Met 1 54.8101* 0.1562 
Met vs. Thr-Val-Iso 1 2.7612 0.0010 
Thr vs. Val-Iso 1 18.4900 0.0256 
Val vs. Iso 1 30.0833 0.2187 
Error 20 7.3046 0.0525 
Total 29 16.1982 0.0596 
^Indicates significant difference (P= 0.05 or less) 
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Table 40. Experiments 984, 984a, 1037 and 1110 - Composition of experi­
mental diets 
984 984a 1037 1110 
^Composition given in table 42. 
^Composition given in table 5. 
Foodstuff or ingredient DSM DSM SBM DSM DSM 
Ground yellow corn — 25.00 25.00 25.00 25.00 
Soybean meal (50.07= protein) -- -- 36.00 
Dried skim milk 60.00 53.00 — 53.00 46.00 
Lactose 24.35 — 25.00 -- --
Stabilized lard 2.00 1.90 2.00 2.00 2.00 
Sucrose 10.00 17.45 8.10 15.89 13.60 
Dextrose — -- — -- 10.00 
Wood flock 2.00 1.10 — 1.00 1.00 
Vitamin-antibiotic premix3 1.00 1.00 1.00 1.00 1.00 
Iodized salt 0.50 0.25 _ 0.50 0.25 0.25 
Calcium carbonate — 0.10 0.65 0.15 0.20 
Dicalcium phosphate -- — 1.50 --
Trace mineral premix (35-C-41)b 0.15 0.20 0.20 0.20 0.20 
Ammonium citrate (dibasic) -- -- -- 1.51 0.75 
DL-methionine -- -- 0.05 
Total 100.00 100.00 100.00 100.00 100.00 
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Table 41. Experiments 984, 984a, 1037 and 1110 - Calculated analysis 
of the complete experimental diets 
984 984a 1037 1110 
Constituent DSM DSM SBM . DSM DSM 
Protein 7, 20.40 20.02 20.05 20.14 17.83 
Fat % 2.03 3.13 3.13 3.21 3.18 
Fiber % 2.00 1.71 1.71 1.62 1.62 
Calcium 7, 0.75 0.72 0.71 0.72 0.66 
Phosphorus 7= 0.60 0.59 0.56 0.59 0.52 
Vitamins: 
Vitamin A I.U./lb. 3078 ' 3100 3100 3225 3375 
Vitamin Dg I.U./lb. 568 500 500 500 500 
Riboflavin mg./lb. 5.40 5.89 5.57 5.89 5.01 
Pantothenic acid mg./lb. 14.00 10.40 • 10,70 9.50 10.45 
Niacin mg./lb. 33.00 30.10 30.90 30.15 30.72 
Choline mg./lb. 500.00 515.00 518.00 515.00 530.00 
Vitamin B^g meg./lb. 22.50 20.00 20.30 20.00 20.00 
Alpha tocopherol mg./lb. 10.50 10.13 10.00 — 
Vitamin K (menadione) mg./lb. 0.50 0.50 0.50 0.50 — —  
Thiamine mg./lb. 3.90 3.00 3.40 3.00 - -
Pyridoxine mg./lb. 2.00 2.00 2.06 2.00 --
Folic acid mg./lb. 0.50 0.50 0.50 0.50 --
Biotin meg./lb. 3.00 3.00 3.05 3.00 
Table 42. Experiments 984, 984a, 1037 and 1110 - Amounts of vitamins and antibiotics added per 
pound of complete diet 
984 984a 1037 1110 
Vitamin or antibiotic Potency DSM DSM SBM DSM DSM 
Vitamin A 20,000 I.U./g. I.U./lb. 3000 2850 2850 2850 3000 
Vitamin 0^ 142,000 I.U./g. I.U./lb. 497 500 500 500 500 . 
Riboflavin Crystalline mg./lb. -- 1.00 5.00 1.00 0.75 
Pantothenic acid 93.0 per cent mg./lb. 5.00 1.00 7.00 1.00 3.00 
Niacin 99.0 per cent mg./lb. 30.00 25.00 25.00 25.00 26.00 
Choline 70.0 per cent mg./lb. 200.00 200.00 -- 200.00 250.00 
Vitamin B-^ Crystalline meg./lb. 11.00 20.00 20.00 20.00 20.00 
Alpha tocopherol 20,000 I.U./g. mg./lb. -- 10.00 10.00 10.00 — 
Vitamin K (menadione) Crystalline mg./lb. 0.50 0.50 0.50 0.50 — 
Thiamine Crystalline mg./lb. 3.00 3.00 3.00 3.00 — 
Pyridoxine Crystalline mg./lb. 2.00 2.00 0.30 2.00 --
Folic acid Crystalline mg./lb. 0.50 0.50 0.50 0.50 — 
Biotin Crystalline meg./lb. 3.00 3.00 3.00 3.00 — 
Chlortetracycline Crystalline mg./lb. — — - 50.00 50.00 
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Table 43. Experiment 984 - Summary of pig gains and feed required per 
pound of gain 
Treatment 
Replication Basal Basal - Glycine3 
2-6 week gains (lb.) 
1 17.50 20.25 
2 19.40 20.60 
3 18.80 20.60 
4 b 16.15 
5 19.10 21.55 
av. 18.70 19.83 
Feed/gain (lb.) 
1 1.77 1.85 
2 1.40 1.43 
3 1.53 1.99 
4 __b 2.18 
5 1.78 1.55 
av. 1.62 1.80 
aLevel of glycine added: 1.25%. 
b 
Died after first week on experiment. 
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Table 44. Experiment 984 - Analysis of variance of pig gains and feed 
required per pound of gain 
Mean squares 
Degrees of 
Source freedom Gain Feed/gain 
Replications 
Treatments 
Error 
Total 
4 
1 
3 
8 
2.7696 
2.2563 
3.1774 
2.8584 
0.1389 
0.1849 
0.0336 
0.1052 
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Table 45. Experiment 984a - Summary of pig gains and feed required per 
pound of gain 
Treatment 
SBM diets DSM diets 
Glycine added (%) Glycine added (%) 
Replication 0 0.50 0 0.25 0.50 
2-6 week gains (lb.) 
1 11.1 9.5 16.3 12.4 18.8 
2 11.1 7.8 13.0 18.8 14.6 
av. 11.1 8.6 14.6 15.6 16.7 
Feed/gain (lb.) 
1 2.04 2.48 1.56 1.65 1.41 
2 2.00 2.57 1.66 1.46 • 1.64 
av. 2.02 2.52 1.61 1.56 1.52 
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Table 46. Experiment 984a - Analysis of variance of pig £ains and feed 
required per pound of gain 
Source 
Degrees of 
freedom 
Mean squares 
Gain Feed/gain 
Replications 0.8762 0.0036 
Treatments 
SBM vs. SBM - Gly 
SBM vs. DSM 
Within DSM: 
Linear regression 
Quadratic regression 
1 
1 
1 
1 
22.3857 
5.8081 
79.7184* 
4.00Ù0 
0.0161 
0.3674** 
0.2550** 
1.2070** 
0.0072 
0.0002 
Error 8.8294 0.0127 
Total 13.9707 0.1693 
*Indicates significant difference (P =s 0.05 or less) 
**Indicates significant difference (P = 0.01 or less) 
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Table 47. Experiment 1037- Summary of pig gains and feed required per 
pound of gain 
Treatment 
Glycine, % 0 0.125 0.25 
Repli­
cation Na Benzoate, 7= 
0.5 1 . 0  1.3 
2.5 2.5 
2-6 week gains (lb.) 
1 12.88 10.88 15.71 12.75 15.75 12.60 17.52 
2 17.88 17.94 20.52 17.56 18.40 18.92 16.65 
av. 15.38 14.41 18.12 15.16 17.08 15.76 17.08 
Feed/gain (lb.) 
1 1.48 1.21 1.41 1.45 1.46 1.42 1.45 
2 1.37 1.42 1.23 1.47 1.43 1.37 1.45 
av. 1.42 1.32 1.32 1.46 1.44 1.40' • 1.45 
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Table 48. Experiment 1037 - Analysis of variance of pig gains and feed 
required per pound of gain 
Mean squares 
Source 
Degrees of 
freedom Gain Feed/gain 
Replications 
Treatments 
.. Glycine levels 
Linear regression 
Quadratic regression 
Remainder 
Benzoate vs. glycine 
Benzoate levels' 
1 
1 
2 
1 
1 
63.3463 
3.4510 
2.7788 
0.0270 
7.8498 
0.4469 
1.7556 
0.0014 
0.0075 
0.0106 
0.0005 
0.0141 
0.0025 
0.0030 
Error 3.5121 0.0075 
Total 13 8.0865 0.0070 
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Table 49. Experiment 1110 - Summary of pig gains and feed required per 
pound of gain 
Treatment 
Replication Basal 0.25% gly. 0.50% gly. 
2-6 week gains (lb.) 
1 18.16 15.98 15.85 
2 15.15 18.78 19.62 
3 18.02 11.83 18.74 
av. 17.11 15.53 18.07 
Feed/gain (lb.) 
1 1.55 1.64 1.60 
2 1.57 1.42 1.49 
3 1.62 1.82 1.50 
av. 1.58 1.63 1.53 
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Table 50. Experiment 1110 - Analysis of variance of pig gains and feed 
required per pound of gain 
Mean squares 
Degrees of 
Source freedom Gain Feed/gain 
Replications 15.8772* 0.0226 
Treatments 
Basal vs. glycine 
Glycine levels 
4.9348 
0.1922 
9.6774 
0.0070 
0.0140 
Error 1.5631 0.0113 
Total 5.9846 0.0130 
*Indicates significant difference (P ss 0.05 or less) 
